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ABSTRACT
Immune and Endocrine System Responses to
Acute Skin-Temperature Reductions
and Thermal Biofeedback

by
Kenneth E. Bell, Doctor of Philosophy
Utah State University, 1994
Co-chairs: Drs. Sebastian Striefel and Elwin Nielsen
Department: Psychology
The purpose of this study was to examine the effects of the cold
pressor test on skin temperature, natural killer cell activity, plasma
concentrations of interleukin-1 and cortisol, and the numbers of white
blood cells, CD3+ cells, CD4+ cells, CD8+ cells, and CD56+ cells in the
peripheral blood. In addition, the study examined whether thermal
biofeedback, when presented following the cold pressor tests, would mitigate
the effects of the cold pressor tests.
Four male university students completed pretest psychological
inventories and were pretrained during nine laboratory sessions to increase
their skin temperature to 95 degrees Fahrenheit. During the experiment,
blood samples were collected at 5-minute intervals and before and after the
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1-minute cold pressor tests through an 18-mm catheter inserted into each
subject's arm. Subjects were randomly assigned to a matched pair and to the
order of experimental conditions, including baseline, the initial cold pressor
test, return to baseline, the second cold pressor test, and thermal biofeedback.
Each matched pair experienced the conditions in a multiple baseline fashion
across subjects during the individual 1.5-hour experimental sessions.
Following the experiment, subjects completed posttest psychological
inventories, exit interviews, and consumer satisfaction surveys.
All subjects demonstrated a decrease in skin temperature ranging
from 1 to 1.4 degrees Fahrenheit during the 1-rninute cold pressor tests in a
multiple baseline fashion, and repeated the temperature decreases withinsubjects during the second cold pressor test. Increases in natural killer cell
activity ranged from 1% to 14% during the cold pressor tests. For all
subjects, both cold pressor tests were associated with increased plasma
concentrations of interleukin-1, ranging from 2 to 69 pg/ ml. The initial cold
pressor tests were associated with increases in all cell numbers in a multiple
baseline fashion, but cell numbers varied during the second cold pressor
tests. For all subjects, average skin temperatures during the thermal
biofeedback conditions were from .3 to .9 degrees higher than during the
return to baseline conditions. For all subjects, thermal biofeedback
conditions were associated with from 2 to 8 (104 cells/ml) higher mean
numbers of CD56+ cells than the return to baseline conditions. For 3

IX

subjects, the thermal biofeedback conditions were associated with higher
numbers of white blood cells, CD3+ cells, CD4+ cells, and CD8+ cells than
the return to baseline conditions. Thermal biofeedback was associated with
reductions of from .2 to 26 in the standard deviations of interleukin-1
values, and with a reduced range of cortisol values following the cold
pressor tests.
Few changes occurred in scores from pre- to posttest on the
psychological tests. Subjects rated the goal of learning to relax as very
important. All of the subjects stated that they would seek relaxation
training for the treatment of a medical or psychological disorder if
prescribed. Implications are discussed for design of research in
psychoneuroimmunology, for measurement of immune system variables,
and for potential clinical applications of these data.
(194 pages)

CHAPTER I
STATEMENT OF THE PROBLEM
Introduction
Several authors have described interrelations between the central
nervous system (CNS), the immune system, and the endocrine system
(Ader, Felten, & Cohen, 1991; Borysenko & Borysenko, 1983; Morley, Kay, &
Soloman, 1989). For example, cells of the immune system recognize,
regulate, and produce neuromodulators (Goetz!, Turck, & Sreedharan, 1991)
and have specific receptors for neuropeptides (Carr & Blalock, 1991; Singh &
Warren, 1989). Bulloch (1985) described CNS innervation of lymphoid
tissues and the thymus, and Besedovsky, del Ray, Sorkin, Da Prada, and
Keller (1979) reported increased firing rates in the hypothalamus during
antibody responses. These pathways are potential mechanisms through
which the CNS, immune system, and endocrine system communicate and
maintain homeostasis (Besedovsky & del Ray, 1991).
There is evidence of CNS-mediated effects on the immune system
(Ader & Cohen, 1985; Czajkowski, 1988). Researchers have applied the
classical conditioning paradigm and demonstrated conditioned
immunosuppression and conditioned immunoenhancement in animals
and in humans (Ader & Cohen, 1991). Chronic exposure to CN5-mediated
stimuli have been associated with immunosuppression (Locke eta!., 1984;
Tache, Morley, & Brown, 1989). For example, authors have used prospective
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and retrospective designs to relate stimuli such as academic examinations
(Kiecolt-Glaser, Garner, et a!., 1984), marital disruption (Kiecolt-Glaser et a!.,
1987), bereavement (Bartrop, Luckhurst, Lazarus, Kiloh, & Penny, 1977), and
depression and other mental disabilities to immunosuppression in humans
(Jemmott & Locke, 1984; Krueger, Levy, Cathcart, Fox, & Black, 1984; Urch,
Muller, Aschauer, Resch, & Zielinski, 1988). Other authors have
demonstrated immunosuppression through acute manipulations of stimuli
including mental arithmetic (Manuck, Cohen, Rabin, Muldoon, & Bachen,
1991), video portrayals of surgery (Zakowski, McAllister, Deal, & Baum,
1992), and reductions in body temperature (Tuornisto, Mannisto, Lamberg,
& Linnoila, 1976).

Conversely, immunoenhancement has been associated with
manipulations such as exercise, humor, and relaxation methods to lower
arousal, including meditation, diaphragmatic breathing, imagery,
visualization, and progressive muscle relaxation (Green, Green, & Santoro,
1988; Halley, 1991; Jasnoski & Kugler, 1987; Pederson, 1991; Rider eta!., 1990).
Biofeedback-assisted techniques such as electromyography and skintemperature training have been associated with immunoenhancement
(Basmajian, 1989). In particular, thermal biofeedback has been associated
with increased healing of experimenter-inflicted incisions (Palmer, Tibetts,
& Peper, 1991) and casually related to increased immune cell capacity

(Peavey, Lawlis, & Goven, 1985).
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However, it is unknown if the effects of an acute immunosuppressive
stimulus can be reversed or mitigated with thermal biofeedback (Kennedy,
Kiecolt-Glaser, & Glaser, 1988). In addition, information is lacking on the
latency and duration of measurable changes in many immune parameters
(Zakowski et a!., 1992). Even though recent authors have suggested that
measurable immune changes require days or weeks (Kennedy eta!., 1988),
several researchers have reported marked changes within 20 minutes
(Green eta!., 1988; Rider & Achterberg, 1989). Finally, no author has
demonstrated experimental control over immune parameters while
examining intrasubject variability and the timing of immune responses.
Statement of the Problem
There is a lack of research regarding the magnitude, latency, and
duration of immune and endocrine system responses to acute reductions in
skin temperature. In addition, research is necessary to determine whether
the application of thermal biofeedback will reduce or mitigate the effects of
an acute immunosuppressive stimulus on immune and endocrine
responses. Finally, research is necessary to determine intrasubject variability
in concurrent CNS, immune system, and endocrine system responses. If the
acute effects of an immunosuppressive stimulus were documented, the
information could be used to examine the efficacy and timing of biobehavioral and other treatment modalities. Because many persons are able
to self-regulate their skin temperature (Fahrion, Norris, Green, Green, &
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Snarr, 1986), and inexpensive thermal-feedback devices are available, an
examination of the potential immunomodulating effects of thermal
biofeedback may be used to inform consumers and clinicians who apply
thermal biofeedback, and researchers in immune-related areas .
Purpose and Objectjyes
The purpose of this study was to examine within-subject immune
system responses and endocrine system responses to acute reductions in
skin temperature, and to examine acute reductions in skin temperature
followed by thermal biofeedback. Specifically, the objectives of the study
were to:
1. Determine whether applications of the cold pressor test resulted in

measurable changes in blood levels of natural killer cells, and in plasma
levels of interleukin-1 and cortisol. The question was whether the cold
pressor test would be repeatedly associated with changes in immune system
and endocrine system values.
2. Determine whether the application of thermal biofeedback would
reduce or mitigate the effects of the cold pressor test on immune and
endocrine system responses. The question was whether thermal
biofeedback, when presented following the cold pressor test, would be
repeatedly associated with increased natural killer cell numbers and
interleukin-1 levels, and with decreased plasma cortisol levels.
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CHAPTER II
REVIEW OF THE LITERATURE
Introduction
Several previous reviewers have integrated the literature on CNS,
immune system, and endocrine system interactions (Ader & Cohen, 1985;
Kiecolt-Glaser & Glaser, 1992; Nemeroff & Prange, 1987). In addition, books
are available that include potential cellular and molecular mechanisms for
the interrelations (Ader, 1981; Ader et a!., 1991; McCubbin, Kaufmann, &
Nemeroff, 1991). One previous reviewer, Halley (1991), addressed the effects
of biobehavioral manipulations on immune system parameters in humans.
However, the review did not include several current publications and did
not include a critical analyses of the articles. A more critical review may
assist with the integration of this diverse literature. This review will
include a critical analysis of the literature on behavioral manipulations of
immunosuppressive and immunoenhancing stimuli in humans. A
glossary of terms and measurement strategies for immune and endocrine
system variables is included in Appendix A.
Chronic Suppression of the Immune
and Endocrine Systems
A series of studies have been conducted to examine the effects of
academic examinations on immune parameters. All of the studies included
group research designs and medical students as subjects. In the first study,
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Kiecolt-Glaser, Speicher, Holliday, and Glaser {1984) studied the effects of
academic examinations and self-reported loneliness on the responses of B
lymphocytes to the Epstein-Barr virus (EBV). The Epstein-Barr is a herpes
virus responsible for infectious mononucleosis. The authors divided 42
students into high- or low-loneliness groups based on a median split of their
scores on a measure of social contact. Blood samples were collected 1 month
before final examinations, on the first day of examinations, and 3 months
later. The cells were stimulated in vitro using the EBV. Statistically
significant effects were found within each group over the trials, and between
the groups across the trials. Specifically, the high-loneliness group was
associated with reduced abilities of B cells to respond to the EBV in vitro at
the time of the academic examinations. In applied situations, delayed or
reduced immune responses may place the person at risk for increased
incidence or severity of infections. Randomization or other experimental
control procedures were not specified. Without randomization, the
interpretation of statistical significance is enigmatic (Shaver, 1993). In
addition, it is possible that other aspects of the students' shared
psychological or physical environments may have contributed to the
changes.
Kiecolt-Glaser, Garner, et al. (1984) investigated the effects of academic
examinations on immune functions, including natural killer cell activity,
immunoglobulins (Ig) including IgG, IgA, IgM, and salivary IgA (SigA).
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Immunoglobulins are products of B cells and have specific functions (see
Appendix A). The description of the sample and timing of the blood draws
were similar to Kiecolt-Glaser, Speicher, eta!. (1984), except in this study
follow-up blood samples were not collected. From the first to second sample
periods, decreased natural killer cell activity and increased plasma IgA
concentrations were statistically significant. No statistically significant
changes were found for SigA, IgG, or IgM. The authors extended their
previous study on the reduced activity of immune responses during
academic examinations to include natural killer cells, an important primary
immune response. Again, randomization procedures were not reported.
In 1985, Glaser et al. conducted a study methodologically similar to
those reported above, except that the medical students were not divided into
groups and the time between the first blood draw and the examination was 6
weeks. The authors found statistically significant decreases in the total
percentages of thymus derivative (T) lymphocytes, and in the percentages of
helper and suppressor T cells in the peripheral blood. Decreased percentages
ofT cells may delay the immune response. In an analogous study, Glaser,
Rice, Speicher, Stout, and Kiecolt-Glaser (1986) measured natural killer cell
activity and interferon. Interferon affects the growth and killing activity of
natural killer cells. Statistically significant decreases were found in each of
the variables on the day of examination. The authors extended the
immunosuppressive effects of academic examinations to include additional
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immune parameters in otherwise healthy subjects. However, no
experimental controls or randomization procedures were reported.
In a replication of Glaser et al. (1986), Glaser eta!. (1987) obtained blood
samples from 4 groups of students over a 1-year period. For the samples
obtained on the dates of examination, statistically significant decreases were
found for interferon and T cell killing activity, and statistically significant
increases in EBV antibody titers. These results reproduce their earlier
findings. In addition, the authors collected data on self-reported symptoms
of infectious disease. Increases in the number of days that activity was
limited due to disease were statistically significant for the examination
periods. The authors reported a linkage between immunosuppressive
stimuli and self-reported health. However, no experimental controls were
reported. Because the students were colleagues, several alternative
explanations are possible such as another event or sequence of events
leading to immunosuppression.
In 1990, Glaser et al. described the effects of academic examinations on

interleukin-2 and interleukin-2 receptor gene expression. Interleukin-2 is
fundamental to the proliferation ofT lymphocytes. Statistically significant
decreases were found in interleukin-2 and cells with receptors for
interleukin-2 during the examination periods. The reductions could
potentially delay the immune response. The authors did not specify
randomization procedures, and no means were reported to calculate effect
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sizes.
Kiecolt-Glaser and others provided evidence that academic
examinations were associated with immunosuppression on several
immune parameters. In addition, immunosuppression was linked to
increases in self-reported disease. However, the authors interpreted only
statistically significant results and did not report randomization procedures.
Acute Immunosuppressive Stimuli
Manuck et al. (1991) studied the acute effects of a color-word test and
mental arithmetic on immune parameters in 20 male university subjects.
The subjects were tested individually while reclining in a temperature
controlled laboratory. Twenty-eight minutes prior to the initial blood
collections, a catheter was inserted into each subject's right arm, and the
subject rested. Independent variables included a color-word test and the
mental arithmetic test that were presented to the experimental subjects on a
computer in alternating 5-minute periods. Blood samples were collected
during minutes 3 and 18 of the tests, and at the end of the 20-minute test
sequence. Blood pressure and heart rate were measured at 2-minute
intervals. Five additional subjects were administered the sequence without
the tests. The experimental subjects were divided post hoc into groups of
high and low reactors based on their cardiovascular and catecholamine
responses. The authors reported T cell mitogenesis decreases and increases
in the number of CDS+ cells that were statistically significant for the high
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reactor group but not for the low reactor or control groups. The authors
concluded that persons who display a greater magnitude of change in
cardiovascular responses to stimuli are more likely to display acute
immunosuppression. However, randomization procedures were not
specified. The authors did not report the results from the blood draws at 3
and 18 minutes during the tests.
Public speaking has been associated with changes in endocrine system
parameters. Dimsdale and Moss (1980) chose 10 subjects who were
scheduled to speak at a medical conference. Blood samples were obtained
using a catheter and a portable blood withdrawal pump. Samples were
obtained prior to the speech and at 3 and 15 minutes into the speech.
Plasma epinephrine levels increased between the baseline and mid-speech
measures. The authors demonstrated measurable endocrine responses to an
acute stimulus. However, the authors did not report the time between
blood collections during baseline and 3 minutes into the speech. No control
group was used. The variability in responses may have been due to
anticipation of the speech or to differences experienced before the speech.
Because the authors did not report randomization and the sample size was
10, interpreting statistical significance is difficult. In addition, the authors
reported that baseline measures were not obtained for one subject, and that
they substituted a postspeech sample from the subject.
In a recent study, Zakowski eta!. (1992) examined the effects of a
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videotape of combat surgery on immune parameters in 29 male subjects.
According to the authors, 20 subjects were randomly assigned to a videotape
group and 9 were assigned to the control group. A blood sample was
collected immediately after the insertion of a catheter, and the subjects
rested for 20 minutes. Additional samples were collected midway through
the 30-minute treatment, and 30, 60, and 90 minutes after the treatment.
Treatment consisted of an 8-minute videotape, followed by a 7-minute recall
of details of the film, after which the sequence was repeated. Control
subjects viewed a film with landscape scenes of Africa. Blood pressure and
heart rate measurements were taken by an automated device but the
authors did not specify the intervals of measurement. Statistically
significant decreases were found in lymphocyte proliferation during and
after the videotape in the experimental group when compared to the control
group. Changes in interleukin-1, interleukin-2, and cortisol were not
statistically significant. Because the lymphocyte changes occurred within 15
minutes and continued to the 90-minute sample, the authors concluded
that changes in lymphocyte proliferation were rapid and persistent.
However, the mechanism for lymphocyte proliferation, without expected
antecedent increases in interleukin-1 or interleukin-2, was not explained.
According to the results reported by the authors, immune parameters in the
control group improved during the treatment and at follow-up, which may
have enhanced the group differences.
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Tuomisto eta!. (1976) investigated the acute effects of decreased body
temperature on serum levels of thyrotrophin (TSH), a neuropeptide
hormone. TSH has been presented as a potential mechanism of
communication between the immune and endocrine systems, and as
having a regulatory function on the immune system (Carr & Blalock, 1991).
The subjects included seven males behveen 24 and 37 years of age who were
cooled in a swimming pool for 30 minutes, or heated in a sauna and then
cooled in the swimming pool. Cooling was associated with increases in TSH
levels regardless of the heating condition. The authors demonstrated
changes in an endocrine-controlled immunomodulator with the
presentation of reductions in skin temperature during a 30-minute period.
However, the researchers did not include experimental controls.
These authors demonstrated measurable immune and endocrine
system suppression from 15 to 30 minutes after stimuli of various durations
were presented. In addition, authors collected repeated samples and
attempted to control for changes that may result from differences in arousal
in a control group. One of the studies, Zakowski eta!. (1992), included
randomization.
Enhancement of the Immune System
Some authors applied several treatments concurrently, or applied one
treatment that included procedures that are traditionally defined separately,
such as progressive muscle relaxation and imagery. These articles were
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examined for the primary treatment modality, and included in that section
of the review.
Exercise and humor. In a 1991 study, Pederson randomly assigned 24
male subjects to 25 minutes of aerobic exercise, 25 minutes of anaerobic
interval training, or to a 15-second anaerobic sprint. The author collected
blood samples before and after exercise and measured the proportions of
lymphocytes, natural killer cells, and serum IgA, IgG, and IgM. Statistically
significant increases were found on all of the parameters only after the
anaerobic exercises. However, no control group was reported and increases
were found on some parameters in each group. For example, natural killer
cell numbers increased at least 60% in all groups. Physical activity, in
particular anaerobic exercise, was associated with acute mobilization of the
immune response. Increased mobilization may affect the ability of the
immune system to locate antigens.
The effects of humor on SlgA were examined by Dillon, Minchoff, and
Baker (1986). Ten subjects were randomly assigned and viewed a humorous
videotape followed by a tape about anxiety, or the same tapes in reverse
order. Each tape was viewed for 30 minutes. The subjects provided saliva
samples before and after each film. SlgA increases were statistically
significant only following the humorous tape, which reportedly indicated
increased immune substance in the saliva. However, because the
experimenters collapsed data across the groups for analyses, the
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experimental design did not control for order effects. It is possible that
effects were obscured by prior conditions.
Experimental applications of aerobic or anaerobic exercise, and viewing
humorous videotape resulted in measurable increases in immune
parameters. Treatment durations ranged from 3 minutes to 20 minutes.
~-

To determine whether cell-specific imagery would effect

numbers of lymphocytes or neutrophils, Rider and Achterberg (1989) used a
6-week training program and music with 30 subjects randomly assigned to
two groups. Each group was provided training in progressive muscle
relaxation and imagery related to the morphology and location of either
neutrophils or lymphocytes. The groups were given tapes to use for home
practice that included 1 minute of cell-specific scripts followed by music.
The subjects were tested after they practiced with the tape for at least 10
times. Peripheral blood was collected before and after each subject listened
to the 20-minute tapes in the laboratory. The resulting changes in
neutrophils and lymphocytes in the respective groups were statistically
significant. However, not all of the subjects in each group responded
similarly. For example, in the group asked to imagine increased numbers of
neutrophils, 8 subjects exhibited decreased lymphocyte scores and 7 subjects
exhibited increased lymphocyte scores, demonstrating substantial
intrasubject variability. However, the authors documented cell-specific
changes in immunity measured in trained subjects within a single 20-

15
minute session.
In a subsequent study, Rider eta!. (1990) compared the effects of cellspecific imagery to nonspecific imagery and a control group. The subjects
included 45 university students who were randomly assigned to the groups.
The cell-specific group was provided an introduction to the immune system
and listened to a 17-minute tape that included 2 minutes of instructions and
music. The nonspecific group was given general instructions about imagery
and listened to a 17-minute tape that included 1 minute of instructions and
music. Both the cell-specific subjects and the nonspecific subjects were
provided with tapes for home practice, and asked to report the frequency of
practice. The control group attended only the testing sessions. During the
testing sessions, each subject provided saliva and skin-temperature
measurements both before and after listening to the recordings during the
first session, and after weeks 3 and 6. The control group provided samples
before and after 17 minutes of no activity. The authors found statistically
significant increases in SigA in all three groups from pre- to posttests, in the
cell-specific and the nonspecific groups over the control group during all
three trials, and in the cell-specific group over the nonspecific group at trials
2 and 3. The authors reproduced the results of earlier authors that reported
increases in no-activity control groups. In addition, the average skin
temperature of all three groups increased, but the increases were not
statistically significant. The authors documented measurable changes in
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SigA within 17 minutes.
Imagery was repeatedly associated with increases in immune
parameters, particularly when specific imagery was applied. Again,
increased immune parameters were associated with increased skin
temperature.
Relaxation. To compare the effects of relaxation training and social
support, Kiecolt-Glaser et al. (1985) randomly assigned 45 geriatric patients
from 60 to 88 years of age to relaxation training, social contact, or to the no
contact group. Relaxation training consisted of three 45-minute sessions
each week for 1 month, and included progressive muscle relaxation and
guided imagery. Subjects in the social contact group were visited
individually by students for the same time period as the relaxation group.
Blood samples were collected at the same time each day during baseline, at
the conclusion of the 1-month treatment, and during a 1-month follow-up.
Only the relaxation training group demonstrated statistically significant
increases in natural killer cell activity. Progressive muscle relaxation and
guided imagery produced larger effects than social contact. However,
treatment gains were not maintained at follow-up, and only four of the
subjects reported continuing relaxation training. No training criteria or
treatment verification data were presented for the interventions. Because
the experimenters did not control the topics of discussion in the social
contact groups, experimenter effects may have reduced the results. For
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example, some of the subjects in the social support group may have talked
about topics that resulted in immunosuppression.
In a subsequent study, Kiecolt-Glaser eta!. (1986) examined whether a
combination of hypnosis and relaxation would mediate the effects of
academic examinations. Subjects included 34 medical students randomly
assigned to a relaxation training or to a control group. Subjects in the
relaxation group were required to attend at least five meetings within 2.5
weeks, each lasting 35 to 45 minutes. Relaxation training included selfhypnosis, autogenic training, and imagery. The subjects were encouraged to
practice at home. Blood samples were drawn 1 month prior to
examinations and on the last day of a 3-day examination period. The group
differences in helper/suppressor cell ratios and natural killer cell activity
were not statistically significant. However, using multiple regression
analysis the authors concluded that the frequency of relaxation practice was
a statistically significant predictor of the percentage of helper cells during the
examinations. Because helper cells affect the ability of immune cells to
proliferate, more frequent practice of self-hypnosis, autogenic training, and
imagery may improve immune responses. The reported practice effect
underscores the need for training criteria or treatment verification. The
authors presented evidence that some immunological results of relaxation
training did not maintain through a period of examination stress.
However, it is possible that the relaxation group may have recovered more
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quickly, or that other immunological parameters may respond differently.
Peavey eta!. (1985) examined whether persons selected because of high
levels of subjective distress could enhance phagocytic functioning using
biofeedback-assisted relaxation. Sixteen subjects ranging from 23 to 43 years
of age were randomly assigned to the biofeedback or control group, and
pretest blood samples were collected. Subjects in the biofeedback group were
individually trained to decrease frontalis electromyograph readings to below
1.2 microvolts and to increase peripheral skin temperature to 95 degrees
Fahrenheit or above. In addition, the subjects were provided with a tape
that included 30 minutes of progressive muscle relaxation and 30 minutes
of passive relaxation exercises, and instructed to practice at home. After
training, posttest measurements were collected. The authors presented
numbers of training sessions for subjects on the hand warming and
electromyograph criteria, and the numbers of self-reported home practice
sessions. Increases in phagocytic functioning in the biofeedback-assisted
group were statistically significant. These authors controlled for several
potential threats, including time-of-day variations, substance use and diet,
and blood pressure. However, the control group procedures were not
specified. The reported means and standard deviations across the measures
were similar for each of the groups, with the exception of the Time 3
measure for the experimental group. If attention and other social factors
were not controlled, it is possible that the biofeedback-assisted relaxation and
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home practice treatment may have included additional components, and
that the Hawthorne effect may have influenced the results.
Jasnoski and Kugler (1987) compared the effects of progressive muscle
relaxation, relaxation with power imagery, and alertness prompted by a tone
discrimination task, on SigA. Thirty undergraduate subjects were randomly
assigned to the nearly 1-hour h·eatments. Pre- and posttest blood samples
and self-report surveys were obtained. The authors reported the largest
increases in SigA for progressive muscle relaxation. In addition, the authors
assayed cortisol, epinephrine, and norepinephrine and calculated
correlations between saliva and plasma levels, and between the
neuroendocrines and SigA. Generally, small positive or small negative
correlations were found. The authors concluded that progressive muscle
relaxation resulted in increased immunoglobulin in saliva that was not
related to endocrine system changes. The largest mean difference reported
was for plasma cortisol between the relaxation and the control or alterness
group, which demonstrated measurable differences in plasma cortisol after a
single 1-hour session of progressive muscle relaxation. However, only 23 of
the 30 subjects provided plasma data and their group memberships were not
specified. In addition, no treatment verification data were presented nor
were the relaxation procedures described.
In a comparative study of relaxation effects, Green and Green (1987)
examined the effects of relaxation, visualization, massage, lying down, and
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touching on salivary IgA and cortisol levels after single 20-minute sessions.
Fifty college students were randomly assigned, and pre- and posttest saliva
samples were collected. Relaxation, visualization, and massage were
associated with statistically significant increases in SigA levels from pre- to
posttests. Because the authors reported means and standard deviations,
standardized mean differences can be calculated. Massage was associated
with the largest magnitude of pre- to posttest gain for the treatments
(SMD=l2.88), followed by visualization (SMD=5.39), and relaxation
(SMD=4.26). Because the touching group was associated with decreases in
SigA (SMD=-.58), touching may have been aversive to the subjects and may
not be appropriate as a control condition. The authors demonstrated acute
measurable changes in SigA. No changes were reported in levels of salivary
cortisol.
In a study designed to determine the effects of relaxation or imagery on

SigA and serum Ig, Green et al. (1988) assigned 40 college subjects to practice
the relaxation response as described by Benson, Greenwood, and Klemchuk
(1975) while sitting or lying down, or to visualize while lying down. They
analyzed changes across a 20-minute practice period and across a 3-week
practice period. Because statistically significant changes were not detected
between the groups, data from the treatments were pooled. Increases across
the 3-week periods in both SigA and serum SlgA were statistically
significant. When measured before and after the 20-rninute practice
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sessions, only increases in SigA were statistically significant. The authors
did not control for several potential threats to the internal validity of this
study. For example, no treatment verification data were presented. The
authors stated that the groups practiced relaxation together, which could
potentially account for the lack of differences. In addition, because the blood
samples were drawn at different points in time for each of the groups,
history is a potentially confounding factor. The authors reported large
intrasubject variability in serum IgA and suggested within-subject
experimental designs.
In an applied study of cancer patients, Gruber, Hall, Hersh, and Dubois

(1988) studied 5 male and 5 female subjects with various types of cancers
over a 1-year period. The subjects were taught progressive muscle
relaxation and imagery directed at enhancing immune system functions.
The subjects were provided audiotapes and instructed to practice each day.
Monthly meetings were held to supervise practice and to gather blood
samples. Several other interventions were used, including presentations by
persons who had used behavioral techniques to effect illness, and
electromyograph biofeedback. The authors documented increases in several
immune parameters during the year, including interleukin-2, IgG, IgM, and
changes in natural killer cell activity, and stated that most of the subjects
showed an increase in peripheral skin temperature across the sessions.
However, the authors did not report randomization, and experimental
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control was not demonstrated using the single subject design that the
authors reported. In addition, many of the patients continued
chemotherapy along with the treatment. No training criteria or treatment
verification data were presented.
In a subsequent study Gruber et a!. (1993) applied an intervention
consisting of progressive muscle relaxation, guided imagery, and
electromyograph biofeedback to 13 female patients who had undergone
surgery for breast cancer. The patients were randomly assigned to an
experimental group or to a waiting-list control group. After 28 weeks, the
waiting-list group began the treatment. Blood samples were collected
weekly. The authors demonstrated statistically significant increases in the
percentage of tumor cells killed by natural killer cells, and several other
results that were inconsistent across the groups. For example, statistically
significant changes in plasma cortisol levels were found in one group, but
not the other. The authors reported exclusionary criteria based on
psychological tests, but did not report whether any subjects were excluded.
The authors suggested examining the latency and duration of measurable
immune changes in humans.
In a study to determine the effects of localized peripheral warming on

healing, Palmer et al. (1991) trained a 22-year-old male to use autogenic
phrases to produce unilateral warming of the right hand. The
experimenters made similar 1-cm long incisions on the subject's right and
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left index fingers, and documented the unilateral warming skills of the
subject. After 14 days of laboratory and home practice, the wounds were
inspected by judges who reportedly verified that accelerated healing had
occurred on the subject's right hand. Even though this study did not
include experimental controls, the authors presented interesting anecdotal
evidence that skin temperature may be related to the rate of healing.
Several alternative explanations, such as the presence of bacteria in the
subject's hand, are possible.
Several methods designed to reduce arousal were associated with
increases in immune parameters, including progressive muscle relaxation,
autogenic training, imagery, Benson relaxation (Benson et al., 1975), and
massage. In addition, frontalis electromyograph training and thermal
biofeedback were associated with increased cellular ability to kill antigens.
Taken together, these studies provide evidence that immune and
endocrine parameters may be affected by behavioral manipulations. In
particular, relaxation training and imagery were repeatedly associated with
measurable enhancement of immune parameters in from 15 to 20 minutes.
One author (Pederson, 1991) reported increased natural killer cell
mobilization after a 3-rninute anaerobic sprint. Decreased skin temperature
was reported to have immunosuppressive effects, while increased skin
temperature was repeatedly associated with improvements in immune
parameters and reportedly increased the rate of healing, potentially through
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the mobilization of immune responses.
Methodological Problems in the Literature
Many of the studies included selection, definition, design, and other
methodological flaws . Few of the studies included experimental
manipulations. Many of the authors did not specify randomization
procedures, interpreted only statistically significant results, and did not
report group means, standard deviations, or effect sizes. Independent
variables such as hypnosis, imagery, and exposure to films were not
quantified. However, authors who applied biofeedback-assisted training
presented training criteria, trials to criteria, and documented the application
of independent variables.
Several authors used SigA as a primary dependent variable. However,
according to Stone, Cox, Valdimarsdottir, Jandorf, and Neale (1987), values
of SigA depend on concentrations of saliva and flow rate. In addition, the
oral cavity may contain enzymes that degrade SigA (Stone, Cox,
Valdimarsdottir, & Neale, 1987). Other researchers have found low or no
correlations between SigA and other measures, including serum IgA
Gasnowski & Kugler, 1987).
Measurement strategy and timing are important areas of focus for
further research in immunology (Dorian & Garfinkel, 1987). Data are
lacking on the latency and duration of immune responses (Zakowski et al.,
1992). Kiecolt-Glaser and Glaser (1988) recommended collecting multiple
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immunological samples from the same subjects. This strategy would
address individual differences in responses to stimuli by examining
intrasubject variability (Wallbott & Scherer, 1991}. In addition, by using
objective measures of the stimuli and repeated measures across time, the
outcomes may be casually related to exposure to the stimuli (Kasl, 1990), and
control for potentially confounding variables such as diurnal variation
(Green & Green, 1987; Moldofsky, Lue, Eisen, Keystone, & Gorczynski, 1986).
Finally, no author has examined the potential immuno-mediating
effects of thermal biofeedback on an acute immunosuppressive stimulus
such as reductions in skin temperature. Benson et a!. (1975), Smith (1989),
and others have described potential health benefits from practicing the
relaxation response. Because one aspect of health is mediated through the
immune and endocrine systems, research that documents the effects of an
acute immunosuppressive stimulus and the effects of thermal biofeedback
on immune and endocrine parameters could be used as comparative data
for researchers, and to make treatment decisions by clinicians who prescribe
thermal biofeedback and related treatments.
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CHAPTER III
METHOD
Subjects and Selection
Fifteen male subjects were recruited from undergraduate classes in the
College of Education at Utah State University. Female subjects were not
included in this initial study because endocrine system parameters have
been shown to vary with the menstrual cycle (McCruden & Stimson, 1991),
which could have introduced a potentially confounding variable. Each
subject completed the health history questionnaire included in Appendix B.
To reduce the potential bias from immuno-mediating factors, four subjects
with self-reported allergies, diabetes, arthritis, or histories of other health
concerns were not included in this study. The remaining subjects provided
informed consent and were examined by a physician at the Utah State
University Student Health Services. Photocopies of the informed consent
form and the physician form are included in Appendix B. To prevent a dual
relationship, an additional subject who registered for a university class that
the investigator taught was excluded from the study. Ten male subjects
were selected for skin-temperature training.
Seven of the 10 subjects successfully completed the pretraining.
However, difficulties with the catheter procedures during the experiment
resulted in the dismissal of 3 of the subjects. The remaining 4 subjects were
randomly assigned to the timing and sequence of experimental conditions.
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Subject A was a 21-year-old, single male. Subject B was a 25-year-old
married male. Subjects C and D were 23- and 25-year-old married males,
respectively. None of the subjects reported the use of alcohol, tobacco,
prescription or nonprescription drug use within the previous 10 days,
weight gain or loss of more than 5 pounds within the previous 4 weeks, or
sleep disturbance. Subjects were asked to eat a lowfat dinner on the evening
prior to the experiment, and to exclude any processed meats or cheeses.
Subjects were asked to eat 2 cups of cereal with 1% milk and to drink 6
ounces of fruit juice on the morning of the experiment. All subjects
reported following the dietary constraints in an exit survey. In a follow-up
survey conducted 1 week after the experiment, none of the subjects reported
any illness or medical concerns during the previous week, providing
evidence that their immune systems were not responding to a virus at the
time of the experiment.
Setting and Equipment
All sessions were conducted in the Biofeedback Laboratory at the Center
for Persons with Disabilities at Utah State University. The setting included a
sound-attenuated room approximately 3 x 4 meters, a reclining chair, and a
table approximately 1 meter in height. The laboratory temperature was
monitored with a mercury thermometer and remained between 70 degrees
and 73 degrees Fahrenheit.
Skin temperature was monitored using a single thermistor and the

J& J
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Thermal Model T-68. The Model T-68 is reportedly accurate to within .5
degrees Fahrenheit, and includes a tone generator and a digital temperature
display. A pair of lightweight headphones was used for audio feedback. A 3gallon plastic bucket, ice, and water were used for the cold pressor test.
Water temperature was measured with a 12-inch submersible laboratory
thermometer.
A computer was programmed to signal the experimenter at 1-minute
intervals to record skin-temperature data and to cue blood collections at 5minute intervals. A VHS camcorder was set to record visual displays from
the Model T-68 and audio signals from the computer. Materials for the
collection, storage, and analyses of blood samples, and materials for
collection and analyses of supplementary dependent variables are described
below.
Skin-Temperature Pre training
The purpose of pretraining was to teach subjects to increase their skin
temperature to 95 degrees Fahrenheit and to maintain the temperature for 3
minutes during a laboratory session. Fahrion et a!. (1986) and Peavey et a!.
(1985) recommended a 95-degree Fahrenheit training criterion, and
documented the ability of nearly all subjects to meet or exceed the criterion.
Each subject attended nine individual 20-rninute pretraining sessions in the
laboratory that included didactic instruction and thermal biofeedback to
increase finger temperature (Schnieder & Wilson, 1985; Schwartz, 1987;
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Smith, 1989). In addition, subjects were encouraged to practice at home. An
outline of the pretraining sessions is included in Appendix C.
Upon arrival for the pretraining sessions, subjects were seated in a
recliner and permission was obtained to attach a thermistor to the palmar
surface of their middle finger on their nondominant hand. To reduce
potential confounding results from trapped heat, the tape used to attach the
thermistor did not encircle the finger, and subjects were instructed to keep
their nondominant hand palmar side up and to keep their hands from
touching. Skin temperature was monitored by the experimenter with the J
&

J Thermal Model T-68 set to the 1 degree full-scale bar setting. The

experimenter recorded skin temperature in 1-minute intervals on the
laboratory data collection form included in Appendix C. During pretraining
sessions 1 to 3, information was provided to the subject as described in
Schwartz (1987), and in Smith (1989), on mechanisms of lower arousal,
locating and releasing tension, breathing techniques, passive volition,
imagery, scheduling, and procedures for home practice.
Beginning with pretraining session 2, the experimenter attached the
thermistor and reviewed the home practice. Praise was provided for
improvements in the frequency of practice, the rate or magnitude of
temperature changes, or for improvements in the completeness of record
keeping. Subjects were encouraged to discuss any perceived negative effects
of home practice, and potential solutions were provided.
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Following the review of home practice and the presentation of
information, subjects experienced a baseline period and then practiced
increasing skin temperature. Subjects were asked to "Sit quietly with your
eyes open," and the experimenter recorded skin temperature during a 3minute baseline period. Subjects were not provided visual or auditory
feedback during baseline. Next, the experimenter turned the J &

J Model T-

68 to make visual feedback available to the subject, and provided the subject
with headphones for auditory feedback. Each subject chose between pulse or
click auditory feedback, and chose the rate and volume of the feedback.
Subjects were asked to "Allow your finger temperature to increase" and
feedback was provided for a 10-minute period. At the end of 10 minutes, the
experimenter removed the headphones and turned the machine to prevent
visual feedback to the subject. The subject was asked to "Sit quietly with
your eyes open" during a 3-minute post-feedback period. After 3 minutes,
the experimenter turned the machine off, removed the thermistor, and
provided praise for improvements in the rate or magnitude of temperature
changes. At the end of each pretraining session, home practice was assigned.
To assist home practice, the experimenter provided each subject with a
small alcohol-in-glass thermometer and encouraged him to practice for 20
minutes each day, on 5 days of each week. Subjects were taught to tape the
thermometer to the palmar surface of a finger on their nondominant hand
without encircling their finger with tape, apply the techniques learned in
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the pretraining sessions at home, and to record data on a home practice data
sheet. The home practice data sheet is included in Appendix C.
Pretraining continued for nine sessions. Seven of the 10 subjects
increased their skin temperature to 95 degrees Fahrenheit and maintained
the temperature for 3 minutes during a laboratory session. Home practice
data and pretraining performance data are included in Table 1.
An observer was trained to collect treatment verification data during
the pretraining sessions. Without assistance from the investigator, the
observer randomly chose 30% of the pretraining sessions for observation.
The observer viewed 10 minutes of the training sessions through an
observation window from an adjoining room. The observer viewed the
digital displays within 2 seconds after the audio signals at 1-minute
intervals, and recorded those data on the treatment verification form
included in Appendix C. The values obtained by the observer were
compared to those obtained by the experimenter. Percentage agreement was
calculated using agreements divided by agreements plus disagreements and
multiplying by 100 (Kelly, 1977). Percentage agreement was 93% for data
across all subjects and pretraining sessions.
Experimental Design and Conditions
Each of four subjects completed the experimental conditions during a
single 1- to 1.5-hour session. To control for potential differential effects of
pretraining, subjects were randomly assigned to an order and timing of

Table 1
Self-Report and Anonymous Report of Home Practice and Results of Pretraining Sessions
Subject
1 (A)
2 (B)

3(C)
4 (D)

5
6
7

8
9

10

Anon daysa
days/wk
6.1
6.0

5.8
5.3
6.3
6.5
5.9
5.8
6.9
6.5

Self-reported home practice ayeragesb
days/wk ST increase F high temp F
6.1
8.4
94.5
6.4
2.9
94.6
5.8
8.7
95
5.6
3
94.3
6.3
4.3
94.5
6.8
10
94
5.6
12.3
94.6
5.8
8.3
94.1
6.8
4.5
94.3
6.8
3.3
94.5

Pretraining results< __
Criterion 3 min. high F
6 days
95.5
1 day
95.5
2 days
96
1 day
95.9
0
94.6
3 days
96
0
94.3
3 day
95.2
2 days
95.4
0
93.9

a Anon days
days/wk=anonymous reported days of home practice each week/3 (results were calculated on data
from the final 3 weeks of pretraining)
b Self-reported home practice averages from the home practice sheets
days/wk =number of practice days reported on the home practice data sheets/number of weeks
ST increase F= sum of the range of daily skin temperatures after baseline/number of days
high temp F= sum of highest daily temperature for 3 minutes/number of days
c Pretraining results obtained during laboratory training sessions
Criterion= number of days subject maintained 95 degree skin temperature for 3 consecutive minutes
3 min. high F= highest skin temperature maintained by the subject for 3 minutes
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experimental conditions. One matched pair of subjects, Subjects A and B,
ex perienced the conditions in the following order: baseline, the initial cold
pressor test, return to baseline, the second cold pressor test, and then
thermal biofeedback. The other pair of subjects, Subjects C and 0,
experienced the conditions in the following order: baseline, the initial cold
pressor test, thermal biofeedback, the second cold pressor test, and the return
to baseline condition. To control for timing of the conditions, subjects
within each matched pair experienced the initial cold pressor tests in a
multiple baseline fashion across subjects (Kazdin, 1982). The multiple
baseline design controls for threats to internal validity if the
implementation of the independent variable is repeatedly associated with
changes in the dependent variable.
Also, each subject experienced a return to baseline conditions, or a
reversal design (Kazdin, 1982), to make comparisons between the
application of thermal biofeedback and baseline conditions available.
Reversal designs control for threats to internal validity if the application of
the treatment is associated with change in the dependent variable and the
withdrawal of the treatment is associated with a deterioration of the change.
The experimental design is displayed graphically in Chapter IV.
Catheter and blood collection procedures. Because plasma levels of
cortisol normally begin to increase about 10:30 a.m. (Manuck et a!., 1991),
experimental sessions were conducted between 6 a.m. and 10 a.m. on 2
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consecutive days. After the subject arrived for the experimental session, a
registered nurse inserted an 18-mm catheter into the subject's accessory
cephalic vein in the antecubital fossa of his nondominant arm and began an
intravenous drip of .9% sodium chloride. The effects of inserting a ca theter
on the immune and endocrine systems have not been reported. To reduce
the potential confounding effects of inserting the catheter, subjects sat or
reclined in the laboratory for 20 minutes. During this time, subjects were
asked to remain quiet with their eyes open.
During all experimental conditions, blood samples were collected at 5minute intervals and immediately after the 1-minute cold pressor tests.
Blood samples were collected by changing the position of a 3-way stop-cock,
drawing the saline solution and approximately 3 ml of blood through the
catheter and into a syringe and discarding into a biowaste container, and
then drawing the blood sample. Approximately 3 ml of saline was then
injected into the line to reduce the likelihood of clotting. Next, the blood
was placed into 5-ml or 10-ml heparinized vaccutainers that were prelabeled
with codes to designate the subject, interval, and condition. After each
subject completed the experiment, the catheter was removed and the subject
was provided with instructions on how to care for the puncture.
To obtain consistency with the blood withdrawal procedures, the
sequence of procedures was standardized as follows. The process of
withdrawing blood through the catheter, placing the blood into the
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vaccutainer, and then flushing the catheter with saline took approximately
20 seconds. For blood samples obtained just before the cold pressor tests, the
phlebotomist was signaled by the experimenter 30 seconds before the end of
the 1-minute interval prior to the cold pressor tests. After the blood was
withdrawn and the catheter was flushed, and within 10 seconds after the
computer signal for the next 1-minute interval, the subject began the cold
pressor test. Within 5 seconds after the computer signal for the beginning of
the subsequent interval, another blood sample was signaled, and the subject
removed his hand from the water and dried it with a towel. For all other
blood samples, the experimenter signaled the phlebotomist to begin the
procedure of withdrawing blood and flushing the catheter within 5 seconds
after the computer signal for the beginning of the interval, and the process
was completed within the next 15 seconds.
Blood samples from each subject were transported to the laboratory
after each subject finished the experiment. Laboratory analyses were
conducted in the biomedical laboratory at the Center for Persons with
Disabilities. Blood samples were processed in the laboratory to prepare them
for subsequent analyses. Whole blood samples were centrifuged at 9 g for 15
minutes, and plasma was removed and frozen at -20 degrees Celsius for
interleukin-1a and cortisol analyses at a later time. Natural killer cells from
Subjects A and B were refrigerated at 6 degrees Celsius overnight, and
analyzed the following day with cells from Subjects C and D. All other
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anal yses were conducted on fresh samples. Blood analyses included plasma
levels of interleukin-1 , plasma cortisol, and natural killer cell numbers
(CD56+). To provide additional information, supplementary blood analyses
were conducted on natural killer cell activity, white blood cell numbers, and
the numbers of CD3+ cells, CD4+ cells, and CDS+ cells in the peripheral
blood. All waste materials were disposed of according to Federal regulations
that specify the treatment of blood-contaminated products (National
Institutes of Health, 1991).
Experimental conditions consisted of baseline, cold pressor, return to
baseline, and thermal biofeedback.
~-

Beginning with baseline, subjects were asked to recline in the

chair, to get comfortable, and to "Continue to sit quietly with your eyes
open. " Skin-temperature recordings and blood collections began as
previously described. No feedback or other prompts were provided to the
subjects.
Baseline continued for subjects A and C for 20 minutes. Subjects B and
D remained in baseline for 25 minutes, or 5 minutes more than their paired
partner. A steady-state baseline was defined as a 5-minute period with an
absolute skin temperature change of no more than 2 degrees Fahrenheit.
All subjects met the stability criteria before proceeding to the next
experimental condition.
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Cold pressor test. All subjects experienced two 1-minute cold pressor
tests during the experiment, and experienced the initial cold pressor test
following baseline. Subjects A and B experienced the second cold pressor
test following a return to the baseline condition, and subjects C and D
experienced the second cold pressor test following thermal biofeedback.
Prior to the cold pressor tests, a blood sample was collected as
previously described and scheduled. Next, a bucket containing water and ice
at 35 degrees Fahrenheit was placed beside the reclining chair and was
positioned on a stand to allow the subjects to submerse their dominant
hand in the water with a minimum of additional body movement. No
additional materials were added to the bucket during the test. Subjects were
instructed to "Place your hand in the water up to your wrist with your
fingers spread. Leave your hand in the water until you are asked to remove
it. " After 1 minute, the subject was asked to remove his hand from the
water, the hand was dried with a towel, and a blood sample was collected.
Return to baseline. Subjects A and B returned to baseline following the
initial cold pressor tests. Subjects C and D experienced the initial cold
pressor tests, thermal biofeedback, and the second cold pressor tests before
returning to baseline conditions. During the return to baseline conditions,
subjects were asked to "Sit quietly with your eyes open." Blood and skintemperature collections continued as previously described. Return to
baseline conditions lasted 20 minutes for all subjects.
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Thermal biofeedback. During thermal biofeedback, subjects were
provided continuous visual and audio feedback of their skin temperature
for 20 minutes. For subjects A and B, thermal biofeedback followed the
second cold pressor tests, and for subjects C and D thermal biofeedback
followed the initial cold pressor tests. Blood and skin-temperature
collections continued as previously described.
At the beginning of the thermal biofeedback condition, the J & J
Thermal Model T-68 was turned to make visual feedback available to the
subject from the digital display and meter. Subjects were provided with a
pair of headphones and chose between a pulse or click auditory feedback,
and the rate and volume of the feedback. Subjects were asked to "Allow
your finger temperature to increase." No additional prompts were given.
Dependent Measures
Physiological data. In addition to skin temperature data, supplementary
physiological data were collected including electrodermal responses and
pulse rate. Electrodermal responses are considered to provide an indication
of general arousal in the nervous system by measuring skin conductance
(Schwartz, 1987). Electrodermal responses were measured with the J & JIG3 GSR preamp and the Model T-68 digital display unit. According to the
manufacturer, the J & J IG-3 GSR preamp is reportedly accurate to 1% over
the range of 1 to 50 micromhos. Electrodermal leads were placed on the
third and fourth fingers of each subject's nondominant hand.
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Pulse rate was included as a less invasive cardiovascular measure than
blood pressure. Traditional measures of blood pressure require the inflation
of a cuff, which may have interfered with relaxation. Pulse rate was
measured with the IBS Model SD-700A. The monitor included a
photoelectric sensor to measure pulsation, and averaged the pulses in 3second intervals for digital display. According to the manufacturer, the IBS
Model SD-700A is reportedly accurate to within 1 pulse per minute . The
sensor was placed on the index finger of each subject's nondominant hand.
Interleukin-1a. Interleukin-1 is a cell product or cytokine produced
relatively early in the sequence of responses of the immune system to an
antigen. After contacting an antigen, macrophages release interleukin-1,
which causes the activation of both T and B cells (Golub & Green, 1991). In
addition, interleukin-1 causes fever and the release of acute-phase proteins
from the liver (Benjamini & Leskowitz, 1988), and can initiate or suppress
gene expression (Dinarello, 1992). Interleukin-1 reportedly affects the release
of corticotrophin-releasing-factor from the hypothalamus (Singh & Warren,
1989), an endocrine system substance that effects the secretion of cortisol
and directly affects the responsiveness of lymphocytes (Felten eta!., 1991).
Plasma levels of interleukin-1a were analyzed with an enzyme-linked
immuno-sorbent assay (ELISA) according to the protocol available from
Immunotech International (Immunotech, Westbrook, ME). To summarize,
plasma samples were thawed and pipetted into antibody-coated wells at
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room temperature. Next, a dilutent containing proteins and sodium azide
was added to the sample wells, and a standard solution was added to the
standard wells in 0:0, 15:6, 62:5, 250:0, and 1000:0 concentrations. The wells
were incubated at 6 degrees Celsius for 4 hours. After aspiration and rinsing,
an enzyme conjugate was added to the wells, and the wells were incubated
overnight at room temperature. After aspiration and rinsing, a substrate
was added containing acetylthiocholine and sodium dithionitrobenzoate in
a potassium phosphate buffer. The wells were placed on a shaker and
incubated in the dark for 15 minutes. After an initial reading, the wells
were returned to the dark and incubated for an additional 10 minutes with
shaking. The wells were read using a Biorad Model 450 Microplate Reader.
The results were transmitted to the Microplate Manager computer program
(Biorad, Richmond, CA) for subsequent analyses and comparison with a
standard curve.
According to the manufacturer of the assay, sensitivity of the ELISA kit
to interleukin-1a with a 30-minute incubation period is 5 pg/rnl. Intraassay
variation at values obtained in this experiment ranged from 3.1 to 6% and
interassay variation ranged from 5.2 to 6%.
~.

Researchers are not in agreement on the immuno-active

effects of cortisol (Ader eta!., 1991). Several authors reported direct and
generally immunosuppressive effects of plasma cortisol (Jasnoski & Kugler,
1987; O'Grady & Hall, 1991). However, Munck and Guyre (1991) reported the
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ability of cytokines to reverse the effects of glucocorticoids, including
cortisol. Despite evidence of receptors in immune cells for cortisol, the
dire ct effects of cortisol on immune parameters have not been demonstrated
(Ader & Cohen, 1991).
Plasma levels of cortisol were analyzed with an ELISA according to the
protocol available from Immunotech International (Immunotech,
Westbrook, ME). Briefly, plasma samples were thawed and pipetted into
wells coated with anti-cortisol monoclonal antibody. Next, cortisolacetylcholinesterase conjugate was added to the wells, and the wells were
placed on a microplate shaker set to 350 rpm and incubated at room
temperature for 2 hours. After aspiration and rinsing, a substrate was added
containing acetylthiocholine and sodium dithionitrobenzoate in a
potassium phosphate buffer. The wells were placed on the shaker and
incubated in the dark for 20 minutes. After incubation, acetylcholinesterase
inhibiter was added to the wells. The wells were read using a Biorad Model
450 Microplate Reader. The results were transmitted to the Microplate
Manager computer program (Biorad, Richmond, CA) for subsequent
analyses and comparison with a standard curve.
According to the manufacturer of the assay, sensitivity of the cortisol
ELISA kit is 5 ng/ml. Intraassay variation at values obtained in this
experiment ranged from 4.8 to 5.6%, and interassay variation ranged from
6.3% at 419 ng/ml to 15.2% at 832 ng/ rnl.
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Natural killer cell activity. Natural killer cells are lymphocytes that kill
virally infected cells without stimulation (Borysenko, 1987). In addition,
natural killer cells have been presented as important for killing tumor cells
and for immune surveillance against tumor metastasis (Herberman et a!.,
1982). Analysis of the number of natural killer cells in each sample will be
described below in the section on flow cytometry.
Natural killer cell activity was measured in samples collected at the
beginning and end of each experimental condition. Measurement was
conducted using a chromium-release technique described by Noble (1986),
and summarized by Margaretten (1986). The chromium-release assay has
been presented as a valid indicator of natural killer cell function (Pross,
Callewaert, & Rubin, 1986). To summarize, tumor cells were incubated and
labeled with radioactive chromium with a known level of activity. Natural
killer cells were suspended in a medium, and then added to the tumor cells
in effector-to-target ratios of 6:1, 12:1, and 25:1. Because the chromiumlabeled tumor cells release chromium as they are lysed, an estimation of the
number of cells killed was obtained by reading the radioactivity in the
samples with a gamma-counter (Packard, Irvine, CA). As standards, the
chromium release was compared to the release measured in tumor cells
without natural killer cells added, and to tumor cells treated with a chemical
that caused cell dissolution (.25% saponin). Percentage release was
calculated by subtracting the spontaneous release from the experimental
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release, and then dividing by the result of subtracting the spontaneous
release from the maximum release. Next, the results were multiplied by 100
to obtain the percentage.
White blood cell counts. The procedure for obtaining white blood cell
counts was described by Yank (1991). Whole blood was pipetted into
containers of Isoton 2 (Coulter Immunology, Hialeah, FL) and mixed with 2
drops of a lysing and hemoglobin reagent. The sample counts were obtained
on a Coulter Counter (Coulter Electronics, Hialeah, FL) and expressed as raw
counts. According to the manufacturer, the Coulter Counter Model ZBI was
tested by repeatedly counting samples of cells. The counter reproduced cell
counts within 1.5%. White blood cell numbers are displayed in hundreds.
Adjusted counts can be obtained by multiplying the results by 104 I mi.
Analyses of CQ56+ CP3+. CP4+. and CP8+ cells. CD designations were
used to be consistent with the scientific literature. A positive sign (+)
following the cell designates that the cell has receptor sites that bind the
antigen for that cell type. Because analysis procedures are similar for CD56+
cells, CD3+ cells, CD4+ cells, and CD8+ cells, their analyses will be described
together.
The percentages of these cells in the peripheral blood were determined
using flow cytometry. Flow cytometry is a procedure in which specific cell
types are labeled with antibodies carrying fluorescent dye and then passed
through a laser (Murphy, 1986). Cells refract the light differently depending
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on their size and granularity, and emit specific wavelengths of light
associated with fluorescent labels. The patterns of light scatter and the
amounts and types of fluorescent light are detected and used to identify the
types of cells (Golub & Green, 1991).
Specific flow cytometry procedures were described by Yonk et al. (1990),
and by Warren, Yonk, Burger, and Singh (1990). Briefly, analyses were
conducted using a Coulter Epics-C flow cytometer (Coulter Corporation,
Hialeah, FL) equipped with a single argon laser for 488 nm wavelength.
Cells were labeled using dual-color fluorescein-isothiocyanate (FITC) and
phycoerythrin (PE) antibodies for CD3+ and CD56+, and for CD4+ and CD8,
available from AMAC (Westbrook, ME). To calibrate the precision of the
flow cytometer, laser intensity was standardized using latex beads (Coulter
Electronics) and by adjusting the laser to place the histogram in the
appropriate channel. 1n addition, sensitivity was regulated using unstained
cells for each of the subjects. For each subject and analysis, 3,000 cells were
counted and distributions of cells were displayed in a histogram format.
Coefficients of variation of less than 5% and sensitivity of from less than 100
molecules to 500 molecules have been reported using flow cytometry
(Shapiro, 1988). The percentages of cells were determined and then
compared with the total white blood cell counts to obtain the numbers of
each cell type.
Because all mature thymus-derived cells carry markers for CD3, anti-
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CD3+ antibodies were used to determine the total number of thymusderived cells in each sample. Numbers of circulating T cells have been used
to indicate medical conditions such as epilepsy (Margaretten, 1986).
Comparisons across samples provided an indication of the effect of the
treatments on the total numbers of circulating and sequestered T cells.
CD4+ cells are a subset of the T cell population that respond to the
presentation of an antigen and interleukin-1 by producing interleukin-2 and
other lymphokines that effect the proliferation and activation of B cells
(Benjamini & Leskowitz, 1988), and other T cells including natural killer
cells. CD8+ cells temper the immune response by suppressing the responses
of other lymphocytes to an antigen. In addition, CD8+ cells are important in
developing tolerance. Deficiency in CD8+ cells has been associated with
autoimmune diseases such as lupus and arthritis (Benjamini & Leskowitz,
1988).
CD56+ cells are natural killer cells and were described above. Flow
cytometry procedures were used to determine the number of circulating
natural killer cells in each sample.
Psychological self-report tests. Supplementary data were collected using
self-report measures. The Minnesota Multiphasic Personality Inventory
(MMPI) and the Rotter Locus of Control scale (Rotter LOC) have been used
recently by researchers to determine whether changes in physiological
parameters and immune system functions are associated with concomitant
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changes in psychological self-report (Gruber et al., 1993; Heyrnen, Wexner, &
Gulledge, 1993) The MMPI-2 was administered to all subjects prior to
pretraining. The MMPI-2 is a self-report scale that includes 567 items scored
on 10 clinical scales and 3 validity scales (Graham, 1990). The sample of
persons used in the development of the MMPI-2 included persons who
were similar in age, race, gender, and other cultural attributes to the subjects
included in this study, so comparisons may be appropriate. Test-retest
reliability for the MMPI in a nonclinical sample over several weeks ranged
from .7 to .9 (Graham, 1990).
The Rotter LOC scale is a 21-itern forced-choice scale designed to
measure whether subjects expect reinforcement to be delivered from
internal or external sources. Scores represent the number of external iterns
endorsed. In a comparison sample of male university students at Ohio
State, the mean was 8.15 and standard deviation was 3.88. Over a 1-rnonth
period, test-retest reliability ranged from .6 to .78. Over a 2-rnonth period
without treatment, most of the subjects endorsed one fewer external item
(Rotter, 1966). The Rotter LOC scale was administered to all subjects before
pretraining and after the experiment.
The Symptom Checklist 90-Revised (SCL-90-R), and the Beck
Depression Inventory (BDI) were administered to all subjects before
pretraining and after the experiment. The SCL-90-R is a self-report
inventory revised by Derogatis, Rickels, and Rock (1976), which provides
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nine symptom dimensions and three global indices. Authors have used the
SCL-90-R to relate psychological factors to length of survival in cancer
patients (Derogatis, Abeloff, & Melisaratos, 1979). Test-retest reliability for
the SCL-90-R subscales measured over a 1-week period ranged from .78 to .9
(Derogatis et a!., 1976). The BDI is a self-report instrument consisting of 21
items designed to assess symptoms of depression (Beck, Rush, Shaw, &
Emery, 1979). The BDI has shown to reliably discriminate between
depression and other mental disorders, including generalized anxiety
disorder (Steer, Beck, Riskind, & Brown, 1986) and has been linked to
changes in immune functions (Hickie & Hickie, 1991; Irwin eta!., 1990).
Test-retest reliability for the BDI ranged from .64 to .9 in samples of
undergraduates tested across 1-week and 2-week intervals, respectively.
Treatment Verification
Both the cold pressor tests and thermal biofeedback were designed to
produce changes in skin temperature. The cold pressor test was expected to
decrease skin temperature and thermal biofeedback was expected to result in
increased skin temperature. During the experiment, skin temperature,
electrodermal responses, and pulse rates were recorded at 1-minute
intervals using the laboratory data collection form. A photocopy of the
laboratory data collection form is included in Appendix C. To monitor the
timing and accuracy of data collection, a camcorder was set to record the
digital displays of the J &

J Thermal Model T-68, the J & J TIG-3 GSR Preamp,
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and the Model SD-700A Pulse Rate Monitor. The camcorder also recorded
the audio signal from the computer, thereby providing a visual and audio
record of those data for each interval. Using a videotape player, the values
from the tape were compared to those obtained during the experiment.
Percentage agreement was calculated using agreements divided by
agreements plus disagreements, and multiplying by 100 (Kent, O'Leary,
Dietz, & Diament, 1979). Agreement was 96%, 98%, 94%, and 96% of the
opportunities during the experiments for Subjects A, B, C, and D,
respectively. Most of the disagreements were on electrodermal responses
due to the rapid changes in this variable for many of the subjects. When
disagreements occurred, values obtained from the videotape were applied.

49
CHAPTER IV
RESULTS

Two questions were addressed in this study: (a) whether the cold
pressor test would be associated with repeated changes in the numbers of
natural killer cells, plasma interleuk.in-1 levels, or plasma cortisol levels in
the peripheral blood, and (b) whether the application of thermal biofeedback
would reduce or mitigate the effects of the cold pressor tests on the numbers
of natural killer cells, plasma interleuk.in-1 levels, or plasma cortisol levels
in the peripheral blood. To provide additional information, supplementary
analyses were conducted of electrodermal responses (skin conductance),
pulse rates, and the numbers of white blood cells, CD3+ cells, CD4+ cells,
and CDS+ cells in the peripheral blood. 1n addition, each subject completed
pre- and posttest psychological assessments. Each experimental question
will be examined sequentially, beginning with an examination of the effects
of the cold pressor tests, followed by an examination of the ability of the
subjects, when provided with thermal biofeedback, to reduce or mediate the
effects of the cold pressor tests.
Effects of the Cold Pressor Tests
Data from each subject were examined to determine whether the cold
pressor tests were associated with changes in the levels, trends, or variability
of scores, and to determine whether the changes occurred in accordance
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with the combined multiple baseline and reversal design.
Skin temperature.

Figure 1 shows the multiple baseline design across

subjects and the reversal design within subjects for each matched pair, and
displays the timing and magnitude of concomitant effects of both cold
pressor tests on skin temperature and natural killer cell activity. All subjects
displayed steady-state responding in skin temperature, defined as a change
of no more than .6 degrees Fahrenheit per minute, or a total change of no
more than 2 degrees Fahrenheit during the last 5 minutes of all conditions
prior to both cold pressor tests. Subjects A through D displayed skintemperature changes ranging from 0 to .6 degrees per minute, respectively,
and averaged changes of .3, .25, .65, and .2 degrees Fahrenheit, respectively,
across the 5-minute periods prior to the implementation of both cold
pressor tests. All subjects demonstrated reductions in skin temperature
during both cold pressor tests, ranging from 1 to 1.4 degrees Fahrenheit.
Skin-temperature reductions of this magnitude were repeatedly associated
only with the implementation of the first cold pressor tests in a multiple
baseline fashion, and were reproduced within subjects during the second
cold pressor tests. A visual analysis of these data (Figure 1) indicates that all
subjects regained the increasing trend in data during the conditions
following both cold pressor tests.
Natural killer cell activity. Natural killer cell activity was measured in
the laboratory using blood samples collected within 30 seconds before the 1-
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within subjects for skin temperature and natural killer cell lysis. CP= cold
pressor test; THERMAL BIO= thermal biofeedback; SKIN TEMP= skin
temperature; NI<F 12= natural killer cell activity expressed as percent lysis.
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minute cold pressor tests and compared to blood samples collected within 30
seconds after the cold pressor tests.l Increased natural killer cell activity
represents an increase in the number of tumor cells killed during the
laboratory analysis. All subjects displayed increased natural killer cell
activity, with increased percentages of chromium releases ranging from 1%
to 14% at the 12 to 1 target-to-effector ratio, during the initial cold pressor
tests in accordance with the multiple baseline design. For Subjects A and C,
natural killer cell activity increased 1% and 2%, respectively, while that of
Subject B increased 7%, and that of Subject D increased 14% during the
initial cold pressor tests. The magnitudes of changes in scores from the cold
pressor tests can be compared to the ranges and standard deviations of scores
from the experimental conditions prior to the cold pressor tests to
determine whether the observed values are within the expected ranges of
variability. Tables 2, 3, 4, and 5 include means, standard deviations, and
ranges for Subjects A, B, C, and D, respectively. Ranges of scores for natural
killer cell activity for Subjects A through D were 2.6, 16, 2.2, and 1.9

1 As

described above, the procedures for collecting blood samples lasted

up to 20 seconds, and began 30 seconds prior to the tests. Therefore, changes
that are reported to have occurred during the cold pressor tests refer to
differences between samples obtained up to 30 seconds prior to the tests and
30 seconds after the tests.

Table 2
Means, Standi!rd 12eYiatiQns, and Ranges fQr Ea~h CQnditiQn fQr S!.!bie!:t A

Baseline
Mean

so

Minimum
Maximum
Range
Return to baseline
Mean

so

Minimum
Maximum
Range
Thermal biofeedback
Mean

so

Minimum
Maximum
Range

12f!2fndent llariables
Wlli: Cill± C04+ Q;lli± .J:.!2iL.8 EOR

TI-l

em

40.1
9.1
31
56
25

66.8
10.7
51
81
30

480
75.7
390
570
180

338
25
310
371
61

258
19.9
236
286
50

142
12.5
130
160
30

101
7.5
93
111
18

1.4
.03
1.4
1.5
.1

7.7
.79
6.7
9.8
3.1

64
3.6
59
75
16

12.5
.04
12.5
12.6
.05

46.2
1.9
44
48
4

92.4
43.6
53
153
100

649
200
420
817
397

356
10.4
345
370
25

265
11.1
255
278
22.2

145
3.4
141
149
8.4

107
5.1
100
113
13

1.4
.05
1.3
1.5
.2

7.4
1.4
6.4
12.8
6.4

60.8
4.3
54
69
15

12.2
2.5
19.9
23.6
3.6

50.2
6.9
40
57
17

69.6
7.3
62
82
20

616
80.2
539
727
188

348
28.5
306
381
75

252
19.8
226
278
52

137
9.3
125
149
23

99.5
7.8
89
107
18

1.4
.04
1.3
1.4
.1

8.3
1.4
7.2
13.3
6.1

61.6
4.2
55
70
15

s.I

NU_~

93.4
.33
92.8
93.9
1.1

10.2
1.9
8.8
11.5
2.6

93.4
.58
92.1
94
1.9
94.2
.7
92
94.7
2.7

PR

ST= skin temperature degrees Fahrenheit; NKA= natural killer cell percent lysis at 12/1 target ratio; C056=
natural killer cells x104 per ml; Il-1a= plasma interleukin-1 pg/ml; C= plasma cortisol ng/ml; WBC= white
blood cells x104 per ml; C03+= total T cells x104 per ml; CD4+= helper cells x104 per ml; CD8+=suppressor cells
x104 per ml; CD4/8= helper/ suppressor ratio; EDR= electrodermal responses in micromhos; PR= pulse rate in
beats per minute; SO= standard deviation.
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Table 3
M~i!D:i Stl!m!l!rd !2~lliatiQDS. l!nd Rang~s fQr Each (:QnditiQn fQr Sl!hi~ct B

Baseline
Mean

so

Minimum
Maximum
Range
Return to baseline
Mean

so

Minimum
Maximum
Range
Thermal biofeedback
Mean

so

Minimum
Maximum
Range

5.I

NKA_~

1l:l

em

91.4
.99
88.7
92.5
3.8

24.3
11.4
16
32
16

45.9
8.9
38.4
62.8
24.4

17.5
5.8
12
25.2
13.2

92
.59
91.1
92.7
1.6

28.6
7.8
23
32.2
11.2

42.7
6.4
33.9
49.5
15.7

92.7
.75
91.2
93.9
2.7

21.1
8.2
15.3
26.9
11.6

44.3
5.6
40.3
54
13.8

Q~p~nd~nt yariahl~s

WJiC !:ill± C!2i± Cilli± .J:..Qffil EOR

PR

785
56
744
894
150

381
20.6
361
419
58

278
14.9
264
306
42

142
11.4
134
163
29

133
5.7
126
142
16

5.3
.51
4.6
6.3
1.7

44.8
.69
44
47
3

21.6
24.5
0
54
54

655
94
504
736
232

388
21
374
425
51

282
19.4
263
315
51

140
10.5
126
153
27

143
7.6
131
149
18

1
.09
.85

6.4
.75
5.5
8
2.5

43.7
.78
43
45

17.2
11.9
.33
33
32.7

467
75
406
585
179

403
10.7
388
416
28

299
18
268
312
44

141
6.2
133
147
14

149
11.3
135
162
27

1
.08
.87
1.1

5.1
.25
4.7
5.8

.22

1.1

44
1.5
43
50
7

1.1

.05
1
1.5
.5

1.1

.27

ST= skin temperature degrees Fahrenheit; NKA= natural killer cell percent lysis at 12/1 target ratio; C056=
natural killer cells x104 per ml; Il-1a= plasma interleukin-1 pg/ml; C= plasma cortisol ng/ml; WBC= white
blood cells x104 per ml; C03+= total T cells x104 per ml; C04+= helper cells x104 per ml; C08+=suppressor cells
x104 per ml; C04/8= helper/ suppressor ratio; EOR= electrodermal responses in micromhos; PR= pulse rate in
beats per minute; SO= standard deviation.
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Table 4
M!:ilD~.

Standi!rd l2!:Yiiltion~. ilnd Bang!:~ for Ei!~h Condition for Sul.:!j!:~t C

Baseline
Mean

so

Minimum
Maximum
Range
Thermal biofeedback
Mean

so

Minimum
Maximum
Range
Return to baseline
Mean

so

Minimum
Maximum
Range

J2f!2!:Dd!:nt Y<Hial.:!!!:~
WJiC (03+ C04+ Cllil± .J:J21La EOR

SI

NKA..~

ll:l

Cor

93.4
.65
91.9
94
2.1

20.8
1.5
19.7
21.9
2.2

40.3
5.7
31
46
15

5
5.3
2
14.3
12.3

671
116
533
792
259

395
39
342
438
96

316
31.4
274
350
77

181
18.9
157
202
44

117
10.3
106
131
25

1.5
.05
1.5
1.6
.1

7.5
1.8
5.7
12.7
7

68
3.8
61
78
17

94
.55
92.7
94.7
2

21 .6
.19
21.5
21.8
.3

40.7
2.6
37
44
7

1.5
1.8
0
4.3
4.3

645
168
459
817
358

386
41.9
360
460
100

307
34.2
288
368
80

177
17.7
162
207
45

111
15.3
101
138
37

1.6
.07
1.5
1.7
.2

8
4.1
4.3
17.8
13.5

67.6
7.6
57
96
39

93.1
.56
92.1
93.7
1.6

23.7
1.3
22.8
24.7
1.9

39.5
4.5
32
44
12

6.9
3.4
3.4
12.5
9.1

782
72.2
671
873
202

346
31.1
293
370
77

272
23.7
231
290
58

155
13.3
132
165
33

99.8
11.7
82
111
29

1.6
.07
1.5
1.6
.1

5.8
1.2
4.9
9.7
4.8

64.8
3
55
71
16

PR

ST= skin temperature degrees Fahrenheit; NKA= natural killer cell percent lysis at 12/1 target ratio; C056=
natural killer cells x104 per ml; Il-1a= plasma interleukin-1 pg/ml; C= plasma cortisol ng /ml; WBC= white
blood cells x104 per ml; C03+= total T cells x104 per ml; C04+= helper cells x104 per ml; C08+=suppressor cells
x104 per ml; C04/8= helper/ suppressor ratio; EOR= electrodermal responses in micromhos; PR= pulse rate in
beats per minute; 50= standard deviation.

Ul

(.Jl

Table 5
Means. Standard 12eYiatiQns and Ranges fQr Ei!!;;h CQnditiQn fQr Subie!;;t

Baseline
Mean

so

Minimum
Maximum
Range
Thermal biofeedback
Mean

so

Minimum
Maximum
Range
Return to baseline
Mean

so

Minimum
Maximum
Range

o

Dependent Yi!rii!bles
W..!K c.w± CD4+ ~ ~ EDR

SI

NKA_ CID2 ll-1

c.or

89
.54
88
90.8
2.8

29.7
1.4
28.8
30.7
1.9

66.6
11.9
54.8
83
28.6

6.2
2
4.4
10.1
5.8

729
106
615
842
227

376
44
321
421
100

256
27
221
283
62

146
17.6
129
168
39

98.3
17.2
76.6
118
41

1.5
.13
1.3
1.7
.4

11.2
.67
10.3
13
2.7

68.4
5.5
55
79
24

92.2
1.7
87.7
93.4
5.7

40.7
1.9
39.4
42.2
2.8

74.2
13.5
51.7
88
36.5

4.6
3.3
2.3
10.3
8

580
114
407
674
267

410
54.4
323
464
141

275
35.8
223
311
88

167
22.5
136
191
55

107
15.3
84
125
41

1.6
.09
1.4
1.6
.2

14.4
1.2
12.8
17.7
4.9

65.3
2.8
60
69
9

91.9
.36
91.2
92.3
1.1

40
1.5
38.9
41.1
2.2

66.8
11.7
54
79
25

3.7
3.5
0
7.5
7.5

344
56.4
268
407
139

407
23.6
372
434
62

272
15
257
288
31

168
12.4
153
182
29

104
8.4
93
113
20

1.6
.12
1.4
1.8
.4

15
1.3
12.8
17.6
4.8

70.7
3.7
65
77
12

PR

ST= skin temperature degrees Fahrenheit; NKA= natural killer cell percent lysis at 12/ 1 target ratio; C056=
natural killer cells x104 per ml; Il-1a= plasma interleukin-1 pg/ml; C= plasma cortisol ng / ml; WBC= white
blood cells x104 per ml; CD3+= total T cells x104 per ml; CD4+= helper cells x104 per ml; CD8+=suppressor cells
x104 per ml; CD4/8= helper/ suppressor ratio; EDR= electrodermal responses in micromhos; PR= pulse rate in
beats per minute; 50= standard deviation.
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percentage points, respectivel y, for the baseline conditions prior to the
initial cold pressor tests. Standard deviations of natural killer cell scores for
the baseline conditions prior to the initial cold pressor tests for Subjects A
through D were 1.9, 11.4, 1.5, and 1.4, respectively. Therefore, Subjects C and
D demonstrated increased natural killer cell activity during the initial cold
pressor tests that were greater than the variability observed across the
previous baseline conditions. For Subjects A and B, the observed values
were within the ranges and standard deviations of the baseline conditions,
but higher by 1% and 2%, respectively, than the samples obtained 30 seconds
before the initial cold pressor tests. The responses of natural killer cells to
the second cold pressor tests also varied across subjects. Subjects A and B
(Tables 2 and 3) demonstrated decreased natural killer cell activity by 2% and
19%, respectively, and that of Subject D (Table 5) decreased 1% during the
second cold pressor test. For Subject C (Table 4), natural killer cell activity
increased by 2% during the second cold pressor test. The ranges of scores for
the conditions prior to the second cold pressor tests were .05, 11.2, .3, and 2.8
percentage points for Subjects A through D, respectively. Standard
deviations of natural killer cell scores for the experimental conditions prior
to the second cold pressor tests were .04, 7.8, .19, and 1.9 for Subjects A
through D, respectively. Therefore, Subjects A, B, and C demonstrated
changes during the second cold pressor tests that were greater than the
variability observed for the conditions prior to the tests. However, Subject
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D's decrease in natural killer cell activity during the second cold pressor test
was within the range and standard deviation of the scores in the return to
baseline condition.
To summarize, Subjects A, B, and 0 displayed increased natural killer
cell activity during the initial cold pressor tests, and then decreased natural
killer cell activity during the second cold pressor tests. Subject C displayed a
2% increase in natural killer cell activity during each of the cold pressor
tests.
Interleukin-1. Figure 2 shows the multiple baseline design across
subjects, and the reversal design within subjects for each matched pair, and
displays the timing and magnitude of the effects of both cold pressor tests on
plasma concentrations of interleukin-1 and cortisol. Because interleukin-1
is released early in the sequence of responses by the immune system,
increased plasma concentrations of interleukin-1 verify that immune
responses, other than changes in the numbers of cells, were occurring. For
all subjects, increased plasma concentrations of interleukin-1 were observed
during the initial cold pressor tests in accordance with the multiple baseline
design. For Subjects A through 0, concentrations of interleukin-1 increased
by 69, 29, 2.2, and 4.4 pg/ml, respectively, during the initial cold pressor tests.
For the conditions prior to the initial cold pressor tests for Subjects A
through 0, ranges of interleukin-1 concentrations were 30. 13.2, 12.3, and 5.8,
and standard deviations were 10.7, 5.8, 5.3, and 2, respectively. Therefore, for
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Figure 2. Multiple baseline designs across subjects and reversal designs
within subjects for plasma interleukin-la and plasma cortisol. CP= cold
pressor test; THERMAL BIO= thermal biofeedback; SKIN TEMP= skin
temperature; NKF 12= natural killer cell activity expressed as percent lysis.
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the initial cold pressor tests, Subjects A and B demonstrated increases in
interleukin-1 that were greater than the variability of scores obtained from
the baseline conditions. Subject Band C's interleukin-1 responses to the
initial cold pressor tests were within the variability of scores obtained from
the baseline conditions, but higher by 2.2 and 4.4 pg/ml, respectively, than 30
seconds before the cold pressor tests. During the conditions following the
initial cold pressor tests, regardless of the order of conditions, all subjects'
interleukin-1 values decreased to baseline levels of responding or below.
For all subjects, increases in concentrations of interleukin-1 were
repeated during the second cold pressor tests. In samples obtained within 30
seconds following the second cold pressor tests, plasma concentrations of
interleukin-1 for Subjects A through D were 29, 4, 6, and 4.1 pg / ml higher,
respectively, than in the samples obtained within 30 seconds before the tests.
For the conditions prior to the second cold pressor tests for Subjects A
through D, ranges of interleukin-1 values were 100, 54, 4.3, and 8, and
standard deviations were 43, 24, 1.8, and 3.3, respectively. Therefore, Subject
C demonstrated an increase during the second cold pressor test that was
greater than the range of values observed across the prior condition. The
increases in concentrations of interleukin-1 for Subjects A, B, and D during
the second cold pressor tests were within the variability observed across the
baseline condition, but higher by 29, 4, and 4.1 pg/ml, respectively, than 30
seconds before the tests. During the experimental conditions following the
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second cold pressor tests, Subjects A, B, and D demonstrated a return to the
levels of interleukin-1 established in the conditions prior to the tests, but
Subject C did not. However, for Subject C, the last three data points during
the condition following the second cold pressor test establish a trend toward
the level of responding established during the previous condition.
To summarize, all subjects demonstrated increased concentrations of
interleukin-1 that ranged from 2 to 69 pg/ml during both cold pressor tests.
The increased concentrations of interleukin-1 for Subjects A and B during
the initial cold pressor tests, and for Subject C during the second cold pressor
test, were greater than the variability of scores from the experimental
conditions prior to the cold pressor tests. The remaining increases were
within the variability of scores observed in the conditions prior to the tests.
~-

Compared to concentrations of cortisol obtained within 30

seconds before the initial cold pressor tests, Subjects A and C displayed
reduced concentrations of cortisol by 150 and 74 ng/ml, respectively, in
samples obtained within 30 seconds after the initial cold pressor tests (Figure
2). For the experimental conditions prior to the initial cold pressor tests for
Subjects A and C, ranges of cortisol values were 180 and 259, and standard
deviations were 75 and 116, respectively (Tables 2 and 4). Therefore, the
decreases in cortisol during the initial cold pressor tests for Subjects A and C
were within the variability of scores in the baseline conditions. During the
experimental conditions following the initial cold pressor tests, Subjects A
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and C recaptured and then exceeded baseline concentrations of cortisol.
For Subjects A and C, the reductions in cortisol were repeated during
the second cold pressor tests by 176 and 35 ng/ml, respectively. For the
conditions prior to the second cold pressor tests for Subjects A and C, the
ranges of cortisol values were 397 and 358, and the standard deviations were
200 and 168, respectively. Therefore, the decreases in cortisol during the
second cold pressor tests for Subjects A and C were within the variability of
scores in the prior conditions. After the second cold pressor tests, Subject A
demonstrated a range of scores that was within the range of values observed
in the prior condition, and Subject C continued the decrease in cortisol and
then increased cortisol values to recover the level of scores obtained prior to
the second cold pressor test.
Subjects D and B (Figure 2) demonstrated decreasing trends in cortisol
values across all experimental conditions. Subject B demonstrated a
reduction in cortisol during the initial cold pressor test of 12 ng/ml, and
then continued to decrease across the return to baseline condition by an
additional 51 ng/ml. Subject B's concentrations of cortisol decreased by 9
ng/ml during the second cold pressor test, and continued to decrease by an
additional 179 ng/ml across the subsequent thermal biofeedback condition.
For Subject B, the magnitudes of the reductions to the cold pressor tests were
smaller than the ranges of scores and standard deviations for the conditions
prior to the cold pressor tests (Table 3). Subject D displayed a 59 ng/ml
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increase in cortisol during the initial cold pressor test that was within the
range of 227 and the standard deviation of 106 for the previous baseline
condition (Table 5). For the subsequent thermal biofeedback condition,
Subject D continued to decrease in concentrations of cortisol by 267 ng/ml.
Subject D demonstrated a decrease in cortisol to the second cold pressor test
of 19 ng/ml that was within the standard deviation of 114 for the prior
condition, and then continued to decrease in levels of cortisol across the
subsequent condition by 139 ng/ml.
To summarize, Subjects A and C displayed reduced concentrations of
cortisol of 150 and 74 ng/ml, respectively, during the initial cold press test
that were repeated by 176 and 35 ng/ml, respectively, during the second cold
pressor tests. However, all of the reduced cortisol values for Subjects A and
C during both cold pressor tests were within the variability of scores
established in the experimental conditions prior to the cold pressor tests.
Subjects Band D demonstrated reduced cortisol values across the
experimental conditions with time.
Supplementary analyses for Subject A.

Further evaluation of the

effects of the cold pressor tests are available by examining supplementary
psychophysiological and immune responses for each of the subjects. For
each subject, natural killer cell activity in the remaining target-to-effector
ratios of 25 to 1 and 6 to 1 will be presented. Natural killer cell activity at the
12 to 1 ratio was presented above. Next, the numbers of natural killer cells
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(CD56+ cells), white blood cells, CD3+ cells, CD4+ cells, and CDS+ cells will
be presented, followed by electrodermal responses and pulse rates for each
subject. Subject A (Figure 3 and Table 2) demonstrated small increased
natural killer cell activity at the effector-to-target ratios of 25 to 1 and 6 to 1,
by 1.9% and .6%, respectively, during the initial cold pressor test, and then
decreased natural killer cell activity by .7% and .6%, respectively, during the
second cold pressor test. All of the changes, except the decrease of .6% to the
second cold pressor test at the 6 to 1 ratio, were smaller in magnitude than
the standard deviations of scores for the conditions prior to the tests. These
changes are consistent with the 12 to 1 changes discussed above, and
demonstrate a dose-dependent relationship between the numbers of natural
killer cells used in the analyses and the killing activity of those cells. The
dose-dependent relationship provides evidence that differential values were
not due to measurement error from analysis procedures. However,
consistent errors, particularly those that inflate or decrease the values across
all effector-to-target ratios, are still possible.
For Subject A, the numbers of natural killer cells (CD56+) increased by 6
(104 cells/ml) during the initial cold pressor test, and continued at increased
levels across the subsequent condition. Increased numbers of cells indicate
that larger numbers of the respective cell types were in circulation. Subject
A's CD56+ cells decreased by 6 (104 cells/ml) during the second cold pressor
test. For the experimental condition following the second cold pressor test,
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~· Supplementary immune responses and psychophysiological
responses for Subject A across all experimental conditions. CP= cold pressor
test; THERMAL BIO= thermal biofeedback; SKIN TEMP= skin temperature;
NKF 25 and 6= natural killer cell lysis at the indicated effector-to-target ratio;
CD56+, CD3+, CD4+, and CDS+= absolute numbers of cells x 10,000 per ml;
WBC= white blood cells x 10,000 per ml; CD4/S= number of CD4 cells/number
of CDS cells; EDR= electrodermal responses; Pulse Rate= pulses per minute.
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Subject A regained the return to baseline levels, and then exceeded the
levels by 9 (104 cells / ml). The decrease of 6 (104 cells/ml) during the second
cold pressor test was larger in magnitude than the variablilty of the prior
condition, but the increase of 6 (104 cells/ ml) during the initial cold pressor
test was not.
For Subject A, the numbers of white blood cells increased by 21 (104
cells/ml) during the initial cold pressor test, which continued at increased
levels during the subsequent condition. During the second cold pressor test,
Subject A's white blood cells decreased by 46 (104 cells/ml). In the
subsequent experimental condition, Subject A regained the levels of
responding obtained during the prior condition, and exceeded the level by
11 (104 cells/ml). The decrease of 46 (104 cells/ml) during the second cold
pressor test was larger in magnitude than the variablilty of the prior
condition, but the increase of 21 following the initial cold pressor test was
not.
The numbers of total T cells (CD3+) increased by 19 during the initial
cold pressor test for Subject A, returned to baseline levels in the subsequent
condition, and then decreased by 34 (104 cells/ml) during the second cold
pressor test. Subject A regained the prior levels of responding during the
conditions following both cold pressor tests. The decrease of 34 (104
cells/ml) during the second cold pressor test was larger in magnitude than
the variablilty of the prior condition, but the increase of 19 (104 cells/ml)
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during the initial cold pressor test was not.
For Subject A, the numbers of CD4+ and CD8+ cells increased during
the initial cold pressor tests by 5 and 13 (104 cells/ml), respectively, and then
returned to the range of values observed during the baseline condition.
During the second cold pressor tests, the numbers of CD4+ and CD8+ cells
decreased by 15 and 17 (104 cells/ml), respectively, and then increased to
regain the levels observed during the condition prior to the test. For Subject
A, the decreases of CD4+ and CD8+ during the second cold pressor tests were
larger than the variability of scores in the prior condition, but the increases
following the initial cold pressor were not.
Subject A displayed an immediate increase in electrodermal responses
of 9.6 micromhos during the initial cold pressor test that returned to
baseline levels within 3 minutes. Increased electrodermal responses
indicated that a greater number of sweat glands were open, thereby resulting
in increased skin conductance. Subject A repeated the increase during the
second cold pressor test by 11 micromhos, and returned to a level slightly
above the prior condition within 5 minutes. For both cold pressor tests, the
increased electrodermal responding was greater than the standard
deviations of .79 and 1.4 for the prior conditions.
Pulse rate increased by 11 beats per minute during the initial cold
pressor test, and then returned to baseline levels of responding within 4
minutes of the subsequent condition. Pulse rate increases are analogous to
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increases in heart rate, but blood flow is measured at a peripheral site such
as on the finger, rather than directly at the heart. Following the increase of
13 beats per minute during the second cold pressor test, Subject A returned
within 1 minute to the level of responding observed in the prior condition.
For both cold pressor tests, the increases were larger in magnitude than the
standard deviations, but not than the ranges of scores for the conditions
prior to the tests.
To summarize, for Subject A, the initial cold pressor test was
immediately followed by small changes in natural killer cell activity in a
dose-dependent manner that were also observed immediately following the
second cold pressor test. The numbers of all cell types increased
immediately following the initial cold pressor test and then decreased
immediately following the second cold pressor test. With the exception of
CD56+ cells and white blood cells that maintained a slightly higher level, all
cell numbers returned to the levels observed prior to the cold pressor tests
in the subsequent experimental conditions. Electrodermal responses and
pulse rates increased during both cold pressor tests, and then returned to
baseline levels during the condition following the tests.
Supplementary analyses for Subject B. Subject B (Figure 4 and Table 3)
displayed increased natural killer cell activity by 11% and 3% for the target
ratios of 25 to 1 and 6 to 1, respectively, during the initial cold pressor test.
However, the changes were within the standard deviations of 21 and 9.3 for
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Figure 4. Supplementary immune responses and psychophysiological
responses for Subject B across all experimental conditions. CP= cold pressor
test; THERMAL BIO= thermal biofeedback; SKIN TEMP= skin temperature;
NKF 25 and 6= natural killer cell lysis at the indicated effector-to-target ratio;
CD56+, CD3+, CD4+, and CD8+= absolute numbers of cells x 10,000 per ml;
WBC= white blood cells x 10,000 per ml; CD4/8= number of CD4 cells/number
of CDS cells; EDR= electrodermal responses; Pulse Rate= pulses per minute.
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the baseline condition prior to the initial cold pressor test. During the
second cold pressor test, natural killer cell activity decreased by 31 % and 10%
for the corresponding target ratios of 25 to 1 and 6 to 1, respectively, and
were larger in magnitude than the standard deviations of the prior
experimental conditions of 15 and 4.6, respectively. For Subject B, natural
killer cell activity changed in a dose-dependent manner during both cold
pressor tests.
For Subject B, the numbers of CD56+ cells increased by 8 (104 cells / ml)
during the initial cold pressor test, and then returned to baseline levels of
responding in the subsequent experimental condition. The number of
CD56+ cells decreased by 4 (104 cells/ml) during the second cold pressor test,
and then increased to regain the level of responding obtained during the
condition prior to the second cold pressor test. The increased and decreased
numbers of CD56+ cells during both cold pressor tests were within the
variability of scores observed in the conditions prior to the cold pressor tests.
The numbers of white blood cells increased during both cold pressor
tests, and included changes of 41 and 28 (104 cells/ml), respectively. The
numbers of white blood cells returned to baseline levels in the experimental
condition after the initial cold pressor test, but remained slightly elevated
across the experimental condition after the second cold pressor test. The
increased numbers of white blood cells were larger in magnitude than the
standard deviations, but not the ranges of scores, observed in the conditions
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prior to the tests.
For Subject B, the numbers of CD3+ cells increased during both cold
pressor tests, by 38 (104 cells / ml), and 29 (104 cells/ml), respectively, and then
returned to the levels obtained in the prior experimental conditions . The
magnitudes of increases in CD3+ cells were larger than the standard
deviations, but not larger than the ranges of scores, observed in the
conditions prior to the cold pressor tests.
Subject B's CD4+ cells increased by 19 (104 cells / ml) during the initial
cold pressor test and then decreased by 2 (104 cells/ml) during the second
cold pressor test. During the conditions after the cold pressor tests, the
numbers of CD4+ cells returned to within the range of values observed
across the conditions prior to the both of the tests. The increase of 19 (104
cells / ml) during the initial cold pressor test was larger in magnitude than
the standard deviation, but not the range of scores, observed in the previous
condition. The decrease of CD4+ cells during the second cold pressor test
was within the range of variability observed in the prior condition.
For Subject B, the number of CDB+ cells increased during both cold
pressor tests by 14 (104 cells/ml) and 8 (104 cells/ml), respectively. In the
experimental conditions after both cold pressor tests, the numbers of CDS+
cells returned to the prior levels, and then began increasing trends. The
increases during both cold pressor tests were larger in magnitude than the
standard deviations, but not than the ranges of scores observed in the
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previous conditions.
Subject B demonstrated brief increases in electrodermal responses of 1
and 1.3 micromhos during the initial and second cold pressor tests that
returned to baseline levels within 1 minute. Both increases were larger
than the standard deviations, but not than the ranges of the prior
conditions. His pulse rate decreases of 1.3 and 1 beats per minute for the
initial and second cold pressor tests, respectively, were larger than the
standard deviations, but not than the ranges of the prior conditions. Pulse
rates were within the trends of data established prior to the tests.
Therefore, for Subject B, the initial cold pressor test was associated with
small increases in natural killer cell activity in a dose-dependent manner,
which decreased during the second cold pressor test. The initial cold pressor
test was associated with increases in all cell numbers. The second cold
pressor test was associated with increases in the numbers of white blood
cells, CD3+ cells, and CD8+ cells, and decreases in CD56+ cells and CD4+
cells. With the exception of white blood cells in the condition after the
second cold pressor test, both cold pressor tests were followed by a return to
the ranges of cell numbers obtained during the conditions prior to the cold
pressor tests. The numbers of white blood cells remained slightly elevated
in the condition after the second cold pressor test. Electrodermal responses
increased slightly during the cold pressor tests and returned to the prior
levels within 1 minute. Pulse rates remained within the trend of data
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established prior to the tests .
Supplementary analyses for Subject C. For Subject C (Figure 5 and Table
4), natural killer cell activity increased by 3.7% and 4.2% for the target ratios
of 25 to 1 and 6 to 1, respectively, during the initial cold pressor test. Natural
killer cell activity increased less than 1% for both target ratios during the
second cold pressor test. The increased natural killer cell activity during
both cold pressor tests was greater in magnitude than the corresponding
standard deviations of 2.9 and .6 for the conditions preceding the tests. For
Subject C, the changes during both cold pressor tests were in a dosedependent manner for all target ratios.
For Subject C, the numbers of CD56+ cells decreased by 10 (104 cells/ml)
from the sample obtained 5 minutes prior to the initial cold pressor test to
the sample obtained 30 seconds prior to the initial cold pressor test. The
numbers of CD56+ cells increased by 13 (104 cells/ml) during the initial cold
pressor test, and then returned to baseline levels across the subsequent
experimental condition. The numbers of CD56+ cells increased by .6 (104
cells/ml) during the second cold pressor test, and then returned to the level
of responding observed in the prior experimental condition. The increased,
and then decreased numbers of CD56+ cells were within the variability of
scores observed in the experimental conditions prior to the cold pressor
tests.
The numbers of white blood cells increased during the initial cold
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Figure 5. Supplementary immune responses and psychophysiological
responses for Subject C across all experimental conditions. CP= cold pressor
test; THERMAL BIO= thermal biofeedback; SKIN TEMP= skin temperature;
NKF 25 and 6= natural killer cell lysis at the indicated effector-to-target ratio;
C056+, C03+, C04+, and COB+= absolute numbers of cells x 10,000 per ml;
WBC= white blood cells x 10,000 per ml; C04/B= number of C04 cells/number
of COB cells; EOR= electrodermal responses; Pulse Rate= pulses per minute.
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pressor test by llS (104 cells / ml), and then returned to the baseline levels of
responding in the subsequent experimental condition. During the second
cold pressor test, a slight increase of 6 (104 cells/ml) was observed, followed
by a return to the levels observed during the prior condition. For white
blood cells, the increase during the initial cold pressor test was larger in
magnitude than the standard deviation of 39 and the range of 96 observed in
the baseline condition. The increase during the second cold pressor test was
within the range of scores observed in the prior condition.
CD3+ cells increased during the initial cold pressor test by 95 (104
cells/ml), and then returned to baseline levels. During the second cold
pressor test, C03+ numbers increased by 1 (104 cells/ml), and again returned
to the levels observed in the prior condition. The increase during the initial
cold pressor test was larger than the standard deviation of 31 and the range
of 77 observed in the baseline condition. The increase during the second
cold pressor test was within the range of scores observed in the prior
condition.
For Subject C, the numbers of CD4+ cells and CDS+ cells increased by 50
and 32 (104 cells/ml), respectively, during the initial cold pressor test, and
then returned to baseline levels of responding. Slight increases of 3 and 6
(104 cells/ml), respectively, were observed during the second cold pressor
tests. In the experimental condition after the second cold pressor test, the
numbers of both CD4+ and CDS+ cells returned to the levels observed in the
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prior condition, and then continued in a decreasing trend with increasing
variability. The increases of 50 and 32 (104 cells / ml) during the initial cold
pressor test were larger than the standard deviations of 18 and 10 for the
baseline condition, respectively. The increases during the second cold
pressor test were within the ranges of scores observed in the prior condition.
For Subject C, electrodermal and pulse rate responses increased during
the implementation of the initial cold pressor test by 6.5 micromhos and by
32 pulses per minute, respectively. The smaller increases of 2.9 micromhos
and 17 beats per minute during the second cold pressor test were preceded by
increased variability during the final minutes of the prior condition. In the
last 7 minutes of the condition prior to the second cold pressor test, Subject
C displayed an increased range of electrodermal responses of 8.1 micromhos,
compared to a range of 2.1 micromhos for the previous 12 minutes. The
range of pulse rate responses was 36 beats per minute during the final 2
minutes of the condition prior to the second cold pressor test, compared
with a range of 8 beats per minute during the previous 17 minutes.
Electrodermal responses returned to baseline levels within 3 minutes, and
pulse rates returned to baseline levels within 1 minute following both cold
pressor tests. Of the increases in electrodermal responses and pulse rates,
only the increase in pulse rate during the initial cold pressor test of 32 beats
per minute was larger than the standard deviation of 3.8 and the range of
scores of 17 observed in the baseline condition. The remaining changes
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were within the variability of scores of the conditions prior to the tests.
Therefore, Subject C displayed increased natural killer cell activity
during both cold pressor tests in a dose-dependent fashion. All cell numbers
increased during both cold pressor tests, and then returned to baseline
levels. Electrodermal responses and pulse rates increased during both cold
pressor tests and then returned to baseline levels. However, both
electrodermal responses and pulse rates increased prior to the second cold
pressor test.
Supplementary analyses for Subject D. Subject D (Figure 6 and Table 5)
displayed increased natural killer cell activity during the initial cold pressor
test for the target ratios of 25 to 1 and 6 to 1, by 10% and 11%, respectively.
Standard deviations for the conditions prior to the initial cold pressor test
for both target ratios were 1.1. Natural killer cell activity at the 25 to 1 target
ratio decreased during the second cold pressor test by 1.9% compared to a
standard deviation of .18 for the condition prior to the test. The decrease of
.6% during the second cold pressor test at the 6 to 1 ratio is within the
standard deviation of 3.4 for the condition prior to the test. All changes in
natural killer cell activity for Subject D were in a dose-dependent manner.
For Subject D, the numbers of CD56+ cells increased during the initial
cold pressor test by 26 (104 cells/ml), and then decreased by 37 (104 cells / ml) 5
minutes after the initial cold pressor test to below baseline levels. Following
the decrease, the numbers of CD56+ cells increased again to above baseline
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Figure 6. Supplementary immune responses and psychophysiological
responses for Subject D across all experimental conditions. CP= cold pressor
test; THERMAL BIO= thermal biofeedback; SKIN TEMP= skin temperature;
NKF 25 and 6= natural killer cell lysis at the indicated effector-to-target ratio;
CD56+, CD3+, CD4+, and CDS+= absolute numbers of cells x 10,000 per ml;
WBC= white blood cells x 10,000 per ml; CD4/S= number of CD4 cells / number
of CDS cells; EDR= electrodermal responses; Pulse Rate= pulses per minute.
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levels of responding. During the second cold pressor test, the numbers of
CD56+ cells increased by 3 (104 cells/ml), and then returned to the level of
responding established prior to the test. The increase during the initial cold
pressor test of 26 (104 cells/ml) was larger than the standard deviation of 12,
but not than the range of 28 for the baseline condition. The increase during
the second cold pressor test was within the variability observed during the
prior condition. The numbers of white blood cells increased during the
initial cold pressor test by 74 (104 cells / ml), subsequently decreased below
baseline levels, and then returned to baseline levels of responding. During
the second cold pressor test, white blood cells increased by 35 (104 cells/ml),
and then returned to the level observed in the prior condition. The increase
during the initial cold pressor test of 74 (104 cells/ml) was larger than the
standard deviation of 44, but not than the range of 100 for the baseline
condition. The increase following the second cold pressor test was within
the variability observed during the prior condition.
CD3+ cells increased during the initial cold pressor test by 41 (104
cells/ml), and also increased during the second cold pressor test by 23 (104
cells/ml). In the experimental conditions after each of the cold pressor tests,
the levels of responding returned to the level observed in the prior
conditions. The increase during the initial cold pressor test of 41 (104
cells/ml) was larger than the standard deviation of 27, but not than the
range of 62 for the baseline condition. The increase during the second cold
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pressor test was within the variability observed in the prior condition.
For Subject D, the numbers of CD4+ and CDS+ cells increased prior to
the initial cold pressor test by 37 and 29 (104 cells / ml), respectively. During
the initial cold pressor test, the numbers of CD4+ and CDS+ cells increased
by 1S and 20 (104 cells/rnl), respectively, and then decreased to below the
level preceding the initial cold pressor test. During the second cold pressor
test, the numbers of CD4+ and CDS+ cells increased by 27 and 5 (104
cells/ml), respectively, and then returned to the levels observed in the prior
condition. The increases in CD4+ and CDS+ cells during the initial cold
pressor test were larger than the standard deviations of 17.6 and 17.2,
respectively, but not than the ranges of 39 and 41, respectively, for the
baseline conditions. The increases during the second cold pressor test were
within the variability observed during the prior condition.
For Subject D, electrodermal responses increased during the initial and
second cold pressor tests by 5.1 and 2.1 rnicrornhos, respectively. During the
experimental condition after the initial cold pressor test, electrodermal
responses decreased, but remained above the baseline level of responding.
The increase during the second cold pressor test was immediately preceded
by a single increase of 3.4 rnicrornhos above the trend in data, and was
followed by a return to the level observed in the prior condition. The
increase during the initial cold pressor test was larger than the range and
standard deviation of baseline scores, but the increase during the second
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cold pressor test was not.
Pulse rate responses increased by 15 beats per minute during both cold
pressor tests and then returned to baseline levels. Even though the increase
of 15 beats per minute during the initial cold pressor test was larger than the
standard deviation of 5.5, it is consistent with the trend of data established in
the baseline condition. The increase of 15 beats per minute during the
second cold pressor test was larger than the standard deviation of 2.9 and the
range of 9 in the previous condition.
Therefore, for Subject D, the cold pressor tests resulted in increased, and
then decreased natural killer cell activity in a dose-dependent fashion. All
cell numbers increased during both cold pressor tests. In the experimental
conditions after both cold pressor tests, all cell numbers returned to the
previous levels of responding and then continued to decrease before again
regaining baseline levels. Electrodermal responses and pulse rates increased
during both cold pressor tests.
Summary of the effects of the cold pressor tests. All subjects
demonstrated a decrease in skin temperature ranging from 1 to 1.4 degrees
Fahrenheit during the implementation of the initial cold pressor tests in a
multiple baseline fashion, and repeated the temperature decreases withinsubjects during the second cold pressor tests. All subjects regained the
temperature losses during the conditions following the cold pressor tests.
All subjects displayed increased natural killer cell activity, ranging from 1%
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to 14% at the 12 to 1 target-to-effector ratio, during the initial cold pressor
tests in accordance with the multiple baseline design. Subjects A, B, and D
displayed decreased natural killer cell activity during the second cold pressor
tests, and Subject C displayed a 2% increase in natural killer cell activity
during the second cold pressor test. All subjects displayed similar results
with the effector-to-target ratios of 25 to 1, 12 to 1, and 6 to 1, in a dosedependent manner.
Increased plasma concentrations of interleuk.in-1, ranging from 2 to 69
pg/ ml, were observed in all subjects during the initial cold pressor tests in
accordance with the multiple baseline design, and were repeated within all
subjects by increases of from 4.4 to 29 pg/rnl during the second cold pressor
tests. Following both cold pressor tests for Subjects A, B, and D, and
following the initial cold pressor test for Subject C, the increased levels of
interleukin-1 returned to baseline levels.
Subjects A and C displayed reduced concentrations of cortisol by 150 and
74 ng/rnl, respectively, during the initial cold pressor tests that were
repeated by 176 and 35 ng/ml, respectively, during the second cold pressor
tests. However, all of the reduced values for Subjects A and C were within
the variability of scores established during the conditions prior to the cold
pressor tests. Subject D displayed a 59 ng/ml increase during the initial cold
pressor test. Subjects B and D demonstrated reduced values across the
experimental conditions with time.

S3
All subjects demonstrated increased numbers of white blood cells, CD3+
cells, CD4+ cells, CDS+ cells, and CD56 cells during the initial cold pressor
test. During the second cold pressor test, Subject A displayed decreases in all
cell number, and Subject B demonstrated decreased numbers of CD56+ cells
and CD4+ cells, and increased numbers of white blood cells, CD3+ cells, and
CDS+ cells. During the second cold pressor tests, Subjects C and D displayed
increases in all cell numbers. With the exceptions of white blood cells and
CD56+ cells after the initial cold pressor test for Subject A, and white blood
cells after the second cold pressor test for Subject B, all cell numbers
returned to the levels established during the prior conditions following the
cold pressor tests.
All subjects displayed increased electrodermal responses during both
cold pressor tests, ranging from 1 to 11 micromhos above the value obtained
at the end of the condition prior to the cold pressor tests. With the
exceptions of electrodermal responses after the second baseline for Subject A
and after the initial baseline for Subject D, all electrodermal responses
returned to the levels established during the conditions prior to the cold
pressor tests. Subjects A, C, and D displayed increased pulse rates from 11 to
32 beats per minute during both cold pressor tests, and then returned to
previous levels of responding. Subject B maintained a stable pulse rate
across both cold pressor tests.
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Effects of Thermal Biofeedback Compared
to Return to Baseline Conditions
The ability of subjects to mediate the effects of the cold pressor tests with
thermal biofeedback, as compared to returning to baseline conditions, was
examined by comparing the levels, variability, and trends for each of the
conditions. Levels of responses were compared using means, change scores
(Borg & Gall, 1983), and effect sizes (Cohen, 1979) for each of the conditions.
Change scores were calculated to compare the ability of the subjects to
recover previous levels of responding after the cold pressor tests. To
calculate change scores, values from samples obtained within 30 seconds
after the cold pressor tests and values obtained from the sample obtained 5
minutes after the cold pressor tests were subtracted. If the cold pressor test
resulted in a reduced score, then the value obtained within 30 seconds after
the cold pressor tests was used as the subtrahend. If the cold pressor test
resulted in an increased score, then the value obtained 5 minutes after the
cold pressor test was used as a subtrahend. Therefore, positive change scores
indicate a return toward the levels of responding prior to the cold pressor
test, and negative change scores indicate a continued trend away from the
levels of responding prior to the cold pressor test. The magnitude of the
change score is directly related to the magnitude of the difference between
the values. Change scores across 5-minute intervals were chosen to coincide
with the next available blood sample following the cold pressor tests, and to
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potentially extend the literature on the latency of immune responses.
Previous authors have demonstrated immune system changes after 12minute intervals (Zakowski et a!., 1992).
Effect sizes are comparison metrics that are independent of sample size
and the unit of measurement (Cohen, 1979) and are useful for comparing
data from different metrics and where variability is not consistent. Effect
sizes were calculated by subtracting the mean of the return to baseline
condition from the mean of the thermal biofeedback condition, and then
dividing by the standard deviation of the first baseline condition. The
standard deviation of the first baseline condition was used to provide a
measure of variability that was potentially unaffected by the cold pressor
tests. Therefore, a positive effect size indicates that a larger mean was
obtained during the thermal biofeedback condition, and a negative effect
size indicates that a larger mean was obtained during the return to baseline
condition. The magnitude of the effect size is related to the magnitude of
the difference and to the variability of scores. The importance of an effect
size or any other result is determined by comparing the potential benefit
from the result with the cost necessary to produce the result, and will be
presented in the Discussion section.
The variability of scores was compared using standard deviations and
ranges. Tables 2 through 5 display the order of conditions experienced by the
subjects and includes means, standard deviations, and ranges for each of the
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conditions. Table 6 includes change scores for the thermal biofeedback and
return to baseline conditions, and effect sizes for each of the subjects. Visual
analyses were used to compare trends in data.
Skin temperature respooses for each condition. None of the subjects
reached the training criterion of 95 degrees Fahrenheit during the
experimental conditions. However, Subject A reached 94.7 degrees
Fahrenheit, Subject B reached 93.9 degrees Fahrenheit, Subject C reached
94.7 degrees Fahrenheit, and Subject C reached 93.4 degrees Fahrenheit
during the thermal biofeedback conditions. The mean scores during the
thermal biofeedback conditions were from .3 to .9 degrees Fahrenheit higher
than during the return to baseline conditions for each subject (Tables 2
through 5).
For all subjects, change scores were from .5 to 4.3 degrees Fahrenheit
higher during the thermal biofeedback conditions than during the return to
baseline conditions. Further evidence is available by examining the slopes
and trends in skin-temperature data for all subjects (Figures 1). With the
exceptions of the return to baseline conditions for Subjects Band D, all skintemperature data demonstrate a positive trend across conditions after both
cold pressor tests. However, the slopes of skin-temperature data during the
5 minutes after both cold pressor tests increase more abruptly during the
thermal biofeedback conditions as compared to the return to baseline
conditions for all subjects. Therefore, at the end of 5 minutes after the cold
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pressor tests, all subjects regained more of the reductions in skintemperature during the thermal biofeedback condition than during the
return to baseline condition, indicating that all subjects mediated the effects
of the cold pressor tests on skin temperature more effectively during the
thermal biofeedback conditions.
Effect sizes for Subjects A through D (Table 6) were 2.4, .7, 1.4, and .6,
respectively, indicating that the mean temperatures obtained for the
thermal biofeedback conditions were from .6 to 2.4 standard units above the
mean temperatures obtained for the return to baseline conditions.
Therefore, regardless of the order of conditions, all subjects made larger
skin-temperature increases in the thermal biofeedback conditions during
the first 5 minutes after the cold pressor tests, obtained higher skin
temperatures in the thermal biofeedback conditions, and averaged higher
temperatures for the thermal biofeedback conditions than for the
comparable return to baseline conditions.
Electrodermal responses for each condition. Electrodermal responses
were inconsistent across the subjects. Higher electrodermal values indicated
an increased number of open sweat glands and therefore greater skin
conductance, and increased arousal (Schwartz, 1987). For Subjects A and C
(Tables 2 and 4), average electrodermal responses obtained during the
thermal biofeedback conditions were .9 and 2.2 rnicromhos, respectively,
higher than the return to baseline conditions.

However, for Subjects B and
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D (Tables 3 and 5), the mean electrodermal values were 1.2 and .6
micromhos higher, respectively, for the return to baseline conditions when
compared to the thermal biofeedback conditions.
Change scores for electrodermal responses for Subjects A and C (Table 6)
were 11 and 5.3 micromhos higher, respectively, during the thermal
biofeedback condition than during the return to baseline condition,
indicating a faster recovery following the cold pressor tests during the
thermal biofeedback condition. Subjects B and D obtained higher change
scores, by .4 and .1, respectively, during the return to baseline condition than
during the thermal biofeedback condition. Effect sizes for Subjects A
through D were 1.1, -2.5, 1.2, and -.9, respectively, indicating that the mean
electrodermal values obtained during the thermal biofeedback conditions
were from 2.5 standard units below to 1.2 standard units above the mean
values obtained during the return to baseline conditions.
Further evidence is available by examining the individual subject
graphs. Subjects A, B, and C (Figures 3, 4, and 5) demonstrated a return to
the previous levels and trends of responding during the experimental
conditions after both cold pressor tests. However, Subject C (Figure 5)
demonstrated increased levels of electrodermal responses beginning 6
minutes prior to the second cold pressor test. Subject D (Figure 6 and Table
5) displayed an increase in level of electrodermal responses following the
initial cold pressor test that was maintained following the second cold
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pressor test. Therefore, across the subjects, differences in electrodermal
responses between the thermal biofeedback and return to baseline
conditions were small and contradictory.
Natural killer cell activity for each condition. Figures 1, 3, 4, 5, and 6
display similar dose-dependent patterns of changes in natural killer cell
activity within subjects. Therefore, to maintain consistency, the 12 to 1
effector-to-target ratio will be used for comparisons of the thermal
biofeedback and return to baseline conditions. For Subjects A, B, and D
{Tables 2, 3, and 5), the mean values of natural killer cell activity were from
.3% to 7% higher for the conditions following the initial cold pressor tests
than the subsequent conditions, regardless of the conditions. Mean values
for Subject C (Table 4) increased across both conditions, and were 2.1%
higher in the return to baseline condition following the second cold pressor
test than in the thermal biofeedback condition.
Effect sizes for Subjects A through D (Table 6) were -.2, -.7, -1.4, and .5,
respectively, indicating that the mean values obtained for the thermal
biofeedback conditions were from 1.4 standard units below to .5 standard
units above the mean values obtained during the return to baseline
conditions. Only Subject D displayed a higher average natural killer cell
activity during the thermal biofeedback condition than during the return to
baseline condition. Therefore, changes in natural killer cell activity were
associated with the order of conditions, rather than with the thermal
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biofeedback or the return to baseline conditions.
The mean scores are consistent with a visual inspection of these data .
For Subjects A, B, and D, abrupt increased and then decreased values are
evident across the conditions, regardless of the conditions. However,
Subject C displayed the largest change in natural killer cell activity and the
largest increase in skin temperature during the thermal biofeedback
condition. No change scores were possible because analyses of natural killer
cell activity were conducted only on samples obtained at the beginning and
end of each experimental condition.
CQ56+ numbers for each condition. In addition to natural killer cell
activity, the numbers of circulating natural killer cells (CD56+ cells) were
counted. For all subjects (Tables 2 through 5), thermal biofeedback
conditions were associated with from 2 to 8 (104 cells/ml) higher average
numbers of CD56+ cells than the return to baseline conditions, regardless of
the order of conditions. Effect sizes for Subjects A through D (Table 6) were
.4, .2, .2, and .6, respectively, indicating that the mean values obtained
during the thermal biofeedback conditions were from .2 to .6 standard units
above the mean values obtained during the return to baseline conditions.
For the numbers of CD56+ cells, change scores for Subjects A, C, and D
for the thermal biofeedback condition were 2.5, 5.5, and 43 (104 cells/ml)
higher, respectively, than the return to baseline conditions. For Subject B, a
higher change score was obtained in the return to baseline condition than
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the thermal biofeedback condition by 4.9 (104 cells / ml). Therefore, thermal
biofeedback conditions resulted in higher average numbers of CD56+ cells
for all subjects than the return to baseline conditions. For Subjects A, C, and
D, the rates of recovery following the cold pressor tests were faster for the
thermal biofeedback condition than for the return to baseline condition. For
Subject B, the rate of recovery for the cold pressor tests was faster in the
return to baseline condition than in the thermal biofeedback condition.
Concentrations of interleukin-1 for each condition. Comparisons of
concentrations of interleukin-1 between the thermal biofeedback and return
to baseline conditions yielded equivocal results. For Subjects A, B, and C
(Tables 2, 3, and 4), the mean values of interleukin-1 were 22.8, 4.4, and 5.4
pg / ml higher, respectively, for the return to baseline condition when
compared to the thermal biofeedback condition. For Subject D (Table 5), the
thermal biofeedback condition resulted in .9 pg/ml higher average level of
interleukin-1 than the return to baseline condition.
Figure 2 displays levels of interleukin-1 concentrations that are
consistent with the reported means. However, for each subject, one or more
conditions includes increased variability and data points that are outside the
trends established during the condition. For example, the range of scores for
Subject A (Table 2) during the baseline condition is 30, compared to a range
of 100 for the return to baseline condition, and a range of 20 for the
subsequent thermal biofeedback condition. Therefore, the mean
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concentrations of interleukin-1 are likely to be affected by extreme scores.
For all subjects (Tables 2 through 5), the thermal biofeedback condition
was associated with reductions in the standard deviations of interleukin-1
values. For Subjects A through D, the standard deviations for the thermal
biofeedback condition were 7.3, 11.9, 1.8 and 3.3, respectively, compared to
43.6, 24.5, 3.4 and 3.5, respectively, during the return to baseline conditions.
Effect sizes for Subjects A through D (Table 6) were -2.1, -.8, -1 , and .45,
respectively, indicating that the mean values obtained for the thermal
biofeedback conditions were from 2.1 standard units below to .45 standard
units above the mean values obtained during the return to baseline
conditions. No consistent pattern of differences is evident for means, effect
sizes, or change scores for interleukin-1. However, for all subjects, the
thermal biofeedback condition was repeatedly associated with reductions in
the variability of concentrations of interleukin-1.
Concentrations of cortisol for each condition. For Subjects A, B, and C
(Tables 2, 3, and 4), the mean levels of cortisol were 30, 188, and 128 ng/ ml
lower for the thermal biofeedback condition than for the return to baseline
condition. For Subject D (Table 5), the mean level of cortisol was 236 ng/ml
higher for the thermal biofeedback condition than for the return to baseline
condition. A visual analysis of these data for each subject provides
additional information (Figure 2). For Subjects B and D, concentrations of
cortisol reduced across the conditions with time. By comparing only
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Subjects A and C, the thermal biofeedback condition was associated with 30
and 128 ng / mllower concentrations of cortisol, respectively, than the return
to baseline conditions, regardless of the order of conditions.
For Subjects A through D, the range of cortisol values for the condition
after the initial cold pressor test was 209, 53, 156, and 128 ng / mllarger than
the range of scores after the second cold pressor test, regardless of the
condition. In addition, the standard deviations of the scores following the
initial cold pressor test were also greater than those following the second
cold pressor test. Therefore, for all subjects, the initial cold pressor tests were
followed by greater variability in concentrations of cortisol.
Effect sizes for Subjects A through D (Table 6) were -.4, -3.4, -1.2, and 2.2,
respectively, indicating that the mean values obtained for the thermal
biofeedback conditions were from 3.4 standard units below to 2.2 standard
units above the mean values obtained for the return to baseline conditions.
To summarize, for Subjects B and D, concentrations of cortisol reduced
across the conditions with time. For Subjects A and C, lower average
concentrations of cortisol were associated with the thermal biofeedback
conditions than with the return to baseline conditions. For all subjects, the
initial cold pressor test was followed by greater variability in scores than the
second cold pressor test.
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White blood cells. CD3+ cells CD4+ cells and CD8+ cells for each
condition. Subject A (Table 2) demonstrated lower average numbers of
circulating white blood cells, CD3+ cells, CD4+ cells, and CD8+ cells in the
thermal biofeedback condition by 8, 13, 8, and 7 (104 cells/ml) cells,
respectively, as compared to the return to baseline condition. However, for
Subjects B and C, the thermal biofeedback conditions were associated with
higher cell numbers than the return to baseline conditions. For Subject B
(Table 3), the numbers of white blood cells, CD3+ cells, CD4+ cells, and CD8+
cells averaged 15, 17, 1, and 6 (104 cells / rnl) higher, respectively, in the
thermal biofeedback condition as compared to the return to baseline
condition. For Subject C (Table 4), the numbers of white blood cells, CD3+
cells, CD4+ cells, and CD8+ cells averaged 40, 35, 22, and 11 (104 cells/ rnl)
higher, respectively, in the biofeedback conditions as compared to the return
to baseline conditions. For Subject D (Table 5), with the exception of the
number of CD4+ cells, the thermal biofeedback conditions were also
associated with higher cell numbers than the return to baseline conditions.
Subject D averaged 3 (104 cells/rnl) cells higher in the thermal biofeedback
condition, as compared to the return to baseline condition, for the numbers
of white blood cells, CD3+ cells, and CD8+ cells. For Subject D, the numbers
of CD4+ cells averaged 1 (104 cells/ml) lower in the thermal biofeedback
condition when compared to the return to baseline condition.
For Subjects A, C, and D (Tables 2, 4, and 5), the thermal biofeedback
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condition was associated with a larger range of scores in all cell numbers
than the return to baseline condition. For Subject B, the return to baseline
condition was associated with a larger range of scores than the thermal
biofeedback condition, with the exception of COB+ cells. For Subject B and
COB+ cells, the range of scores for the thermal biofeedback condition was 27
compared to a range of 1B for the return to baseline condition.
Further evidence is available from a visual analysis of the individual
graphs (Figures 3 through 6). After demonstrating the increased numbers of
cells during both cold pressor tests, all subjects recovered the patterns of
responses demonstrated during the previous conditions. No pattern of
change scores is evident for Subjects A and B (Table 6). For Subjects C and 0,
change scores were higher for all cell numbers during the thermal
biofeedback condition than during the return to baseline condition.
No pattern of differences is evident for effect sizes across all subjects
(Table 6). Effect sizes for Subjects A were -.3, -.7, -.6, and -1 for white blood
cells, C03+ cells, C04+ cells, and COB+ cells, respectively. For Subjects B and
C, the effect sizes were positive, indicating that the mean values obtained
during the thermal biofeedback conditions were from .1 to 1.1 standard units
above the mean values obtained during the return to baseline conditions.
For Subject 0, the effect sizes were .1, .1, -.1, and .2 for white blood cells,
C03+ cells, C04+ cells, and COB+ cells, respectively. Therefore, the effect
sizes for Subject 0 were small and inconsistent.
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Pulse rate responses for each condition. Comparisons of pulse rates
between the thermal biofeedback and return to baseline conditions also
yielded inconsistent results. For Subjects A, B, and C (Tables 2 through 4),
pulse rate responses averaged from .3 to 2.8 beats per minute higher during
the thermal biofeedback conditions than during the return to baseline
conditions. For Subject D (Table 5), the mean pulse rate for the thermal
biofeedback condition was 5.4 beats per minute lower than the return to
baseline condition. Further evidence is available by examining the graphs
for each subject (Figures 3 through 6). All subjects demonstrated a return to
the previous levels and trends of responding during the conditions
following both cold pressor tests. For Subjects A, B, and D, similar patterns
of variability and ranges are evident within subjects for each condition. For
Subject C (Figure 5), similar patterns of variability and trends are evident
across the conditions with the exception of a large increase and then
decrease 2 minutes prior to the second cold pressor test.
For Subjects A and C (Table 6), change scores for pulse rates were 14 and
6 higher, respectively, in the thermal biofeedback condition as compared to
the return to baseline conditions. For Subject B, change scores for each of
the conditions were 0. For Subject D, change scores were -1 for each of the
conditions. Effect sizes for Subjects A through D were .2, .4, .7, and -1,
respectively, indicating that the mean electrodermal values obtained for the
thermal biofeedback conditions were from 1 standard unit below to .7
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standard units above the mean values obtained for the return to baseline
conditions. Therefore, across the subjects, differences in pulse rates between
the thermal biofeedback and return to baseline conditions were small and
inconsistent. However, during the experimental conditions after both cold
pressor tests, all subjects demonstrated a return to the previous levels and
trends of responding.
Summary of the effects of thermal biofeedback compared to return to
baseline conditions. Regardless of the order of conditions, all subjects made
from .5 to 4.3 degrees Fahrenheit larger increases in skin temperature in the
thermal biofeedback condition during the 5 minutes following the cold
pressor tests, obtained higher maximum skin temperatures in the thermal
biofeedback conditions, and averaged from .3 to .9 degrees Fahrenheit higher
temperatures for the thermal biofeedback conditions than for the return to
baseline conditions. Differences in electrodermal responses and pulse rates
between the thermal biofeedback and return to baseline conditions were
small and contradictory. However, for electrodermal responses and pulse
rates, all subjects regained the trends of responding established during the
previous conditions.
Percentages of natural killer cell activity, as measured by chromium
release, were associated with the order of conditions rather than with the
conditions themselves. For all subjects, thermal biofeedback conditions
resulted in from 2 to 8 (104 cells/ml) higher numbers of CD56+ cells than the
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return to baseline conditions. However, for the numbers of CD56+ cells, the
rate of recovery following the cold pressor tests was slower during the
condition following the initial cold pressor tests than during the condition
following the second cold pressor tests, regardless of the order of conditions.
The thermal biofeedback conditions were repeatedly associated with
reductions of from .2 to 26 in the standard deviations of concentrations of
interleukin-1 for all subjects. Concentrations of plasma cortisol reduced
across the conditions with time for Subjects B and D. For Subjects A and C,
lower average concentrations of cortisol were associated with the thermal
biofeedback conditions than with the return to baseline conditions. For all
subjects, the initial cold pressor test was followed by greater variability in
cortisol concentrations than the second cold pressor test.
Comparisons of the numbers of circulating cells between the thermal
biofeedback and return to baseline conditions varied across the subjects.
Subject A demonstrated reduced average numbers of circulating cells in the
thermal biofeedback condition as compared to the return to baseline
condition, and Subjects Band C demonstrated increased numbers of
circulating cells in the thermal biofeedback condition. Subject 0
demonstrated higher numbers of circulating cells in the thermal biofeedback
condition than in the return to baseline condition with the exception of
CD4+ cells. For all cell numbers and subjects, and after both cold pressor
tests, all subjects recovered the patterns of responses demonstrated in the
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conditions prior to the tests.
Psychological Self-Report Measures
Each subject completed pre- and posttest psychological assessments,
including the Rotter Locus of Control scale, the Beck Depression Inventory,
and the Symptom Checklist-90-R (SCL-90-R). In addition, each subject
completed the Minnesota Multiphasic Personality Inventory-2 (MMPI-2)
prior to skin-temperature training. Because these tests are standardized,
comparisons are available between the scores that the subjects in this
experiment obtained and the scores that persons obtained during the
development of the tests. Raw scores for the Rotter Locus of Control and
the Beck Depression Inventory, and T scores for the SCL-90-R and MMPI-2
are included in Table 7.
Rotter Locus of Control. On the Rotter Locus of Control, Subjects A and
D each endorsed three fewer external items on the posttest than on the
pretest, demonstrating a potential change in reinforcement expectancy to
internal control over the course of biofeedback training (Rotter, 1966). The
posttest score from Subject A was .22 standard deviations below the mean,
or equal to or greater than the scores of 41% of the people used to develop
the test. Subject D scored .03 standard deviations below the mean on the
posttest, or greater than or equal to the scores of 49% of the people used to
develop the test. Therefore, Subjects A and D demonstrated an increase in
the expectancy of control during the course of training and obtained an

Table 7
Results of Psychological Self-Report Measures
Subject A testing (21-year-old single Caucasian male)
Rotter 1/E Pretest=lO Posttest=7
BDI
Pretest=4
Posttest=l
SCL-90-R
Pretest (T-Scores)
50=47 0C=61 IN=66 OE=61 AN=56 H0=61 PH=<30 PA=51 PS=57 GS=60 PSD=52 PT=61
Posttest(T-Scores)
50=47 0C=54 IN=49 OE=45 AN=48 H0=53 PH=<30 PA=47 PS=53 GS=48 PSD=40 PT=51
MMPI-2
Pretest only
L=2 F=7 K=13 Hs=lO 0=15 Hy=14 Pd=19 Mf=23 Pa=8 Pt=21 Sc=27 Ma=19 Si=34
Subject B testing (25-year-old married Caucasian male)
Rotter 1/E Pretest=4
Posttest=4
BOI
Pretest=4
Posttest=3
Pretest (I-Scores)
SCL-90-R
50=69 0C=72 IN=70 OE=70 AN=70 H0=65 PH=59 PA=56 PS=<30 GS=71 PSD=58 PT=>69
Posttest (T-Scores)
50=47 0C=54 IN=53 OE=49 AN=65 H0=74 PH=<30 PA=47 PY=60 Gl=56 PS0=61 PT=54
MMPI-2
Pretest only
L=6 F=l K=23 Hs=14 0=17 Hy=23 Pd=23 Mf=22 Pa=12 Pt=27 Sc=27 Ma=25 Si=20
(table continues)

......
0
......

Subject C testing (23-year old married Caucasian male)
Rotter I/E Pretest=13 Posttest=12
BDI
Pretest=2
Posttest=1
SCL-90-R
Pretest (I-Scores)
50=<30 OC=51 IN=49 DE=52 AN=48 H0=47 PH= <30 PA=47 PS= <30 GS=45 PSD=<40 PT=48
Posttest (I-Scores)
50=52 0C=52 IN=<30 DE=45 AN=48 H0=<30 PH=<30 PA=<30 P5=<30 GS=41 PSD=60 PT=41
MMPI-2
Pretest only
L=4 F=1 K=19 Hs=10 D=17 Hy=19 Pd=17 Mf=23 Pa=8 Pt=26 Sc=23 Ma=23 Si=17
Subject D testing (25-year-old married Caucasian male)
Rotter I/E Pretest=ll Posttest=8
BDI
Pretest=2
Posttest=O
SCL-90-R
Pretest (I-Scores)
50=41 0C=52 IN=54 DE=<30 AN=52 H0=<30 PH=<30 PA=<30 PS=<30 GS=45 PSD=52 PT=45
Posttest (I-Scores)
So=41 0C=54 IN=53 DE=49 AN=56 H0=53 PH=<30 PA=<30 P5=53 GS=48 PSD=40 PT=15
MMPI-2
Pretest only
L=5 F=3 K=15 Hs=12 D=18 Hy=19 Pd=18 Mf=26 Pa=12 Pt=24 5c=23 Ma=16 Si=29
Rotter I/E=Rotter Locus of Control; BDI=Beck Depression Inventory; SCL-90-R=Symptom Checkl ist 90Revised, SO=Somatization, OC=Obsessive-Compulsive, IN=Interpersonal Sensitivity, DE=Depression,
AN=Anxiety, HO= Hostility, PH=Phobic Anxiety, PA=Paranoid Ideation, PS=Psychoticism, GS=Giobal Severity
Index, PSD= Positive Symptom Distress Index, PI=Positive Symptom Total. MMPI-2=Minnesota Multiphsic
Personality Inventory-2, L,F,K scales=validity scales, Hs=Hypochondriasis, D=Depression, Hy=Hysteria, Pd=
Psychopathic Deviate, Mf=Masculinity, Pa=Paranoia, PT=Psychasthenia, SC=Schizophrenia, Ma=Hypomania,
Si=Introversion.
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average score on the posttest.
Subject B endorsed four external items on both the pre- and posttests,
demonstrating an internal expectancy of reinforcement and control that
remained stable during biofeedback training. His score was 1.03 standard
deviations below the mean, equal to or greater than the scores of 15% of the
people used to develop the test. Therefore, Subject B remained stable in his
expectancy that he controls the reinforcing contingencies in his
environment. Subject C endorsed 13 external items on the pretest and 12
external items on the posttest, demonstrating stable external reinforcement
expectancies. His score was 1.03 standard deviations above the mean and
equal to or greater than the scores of 85% of the people used to develop the
test. Therefore, Subject C remained stable in his expectancy that others
control the reinforcing contingencies in his environment.
Beck Depression Inventory. Scores below 9 on the Beck Depression
Inventory are considered to be within the normal range for nonclinical
populations (Becket a!., 1979). All subjects scored 4 or below on both
administrations of the Beck Depression Inventory, indicating that the
subjects did not endorse items describing symptoms of depression on this
instrument prior to biofeedback training or after the experiment.
Symptom Checkljst-90-Reyjsed. Derogatis eta!. (1976) recommended
further interpretation of profiles when the Global Score Index is 63 or
greater, or when two or more dimension scores are 63 or greater. On the
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pretest, Subject A endorsed 61 items for a Global Score Index of 60. On the
Interpersonal Sensitivity dimension, he obtained a pretest score of 66, which
was elevated 1.6 standard deviations above the average for scores of the
people used to develop the test. He endorsed items describing feelings of
personal inadequacy in comparison to others. With the exception of the
Somatization and Phobic Anxiety dimensions that remained stable, all of
the scores for this subject were lower on the posttest, including his Global
Index Score of 48.
The Global Score Index and several dimension scores were elevated on
the pretest scores for Subject B. He endorsed 71 items for a Global Score
Index score of 71. His score was 2.1 standard deviations above the mean, or
greater than or equal to the scores of 98% of the people used to develop the
test. He endorsed items which indicated intrusive thoughts, feelings of
personal inadequacy, interpersonal alienation, lack of energy and
hopelessness, and physical symptoms of panic such as increased heart rate.
On the posttest, he endorsed 58 items for a Global Score Index score of 56.
Compared to pretest scores, Subject B obtained lower scores on the posttest
on all of the dimension scores with the exceptions of the Hostility and
Psychoticism dimensions. He continued to endorse items indicating
negative affect or anger, and agitation.
Subjects C and D obtained Global Score Index scores of 45 on the pretest,
and neither obtained a dimension score of 63 or greater. Subject C endorsed
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few er items and indicated lower severity on the posttest when compared to
the pretest, with the exception of the Somatization and Obsessive
dimensions. The items on the Somatic dimension pertain to distress from
perceptions of body dysfunction, and the Obsessive dimension pertains to
intrusive thoughts that the subject perceived as inconsistent with his selfimage. Subject 0 obtained several higher scores on the posttest
administration of the test, indicating increased interpersonal alienation,
additional symptoms of depression, and the presence of negative affect or
anger.
Minnesota Multiphasic Personality Inventory-2. Results on the MMPI2, administered to all subjects prior to the pretraining, were expressed as T
scores and included in Table 7. All subjects obtained validity profiles
indicating that they responded openly to the test and that they were willing
to admit minor faults . None of the subjects obtained scores on a clinical
scale that were above a T score of 50, indicating that the subjects were
relatively free of psychopathology as compared to a sample of nonpatient
subjects. All subjects indicated that they perceived themselves as physically
and emotionally healthy.
Summary of psychological self-report results. Subjects A, C, and 0
provided a pattern of responses across assessments that were consistent with
emotional health and a lack of concern about physical health. They did not
endorse symptoms of depression. Subject B obtained scores on the Rotter
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Locus of Control that indicated an external locus of control. In addition, he
endorsed items on the SCL-90-R, but not the MMPI-2, that were consistent
with psychological difficulties. His scores on the Beck Depression Inventory
were not consistent with symptoms of depression.
Exit Suryey
Within 1 hour after the experiment, all subjects completed an exit
survey. A photocopy of the survey is included in Appendix D. Subjects A
and D rated the degree of discomfort during the insertion of the catheter as
moderate. Subject B described the catheter procedure as comfortable, and
Subject C described the catheter procedure as very uncomfortable. All
subjects rated the discomfort experienced during both cold pressor tests as
very uncomfortable. All subjects reported using audio feedback during the
thermal biofeedback condition. Subjects A and C reported using visual
feedback never or seldom, and Subjects B and D reported using visual
feedback sometimes or often during the thermal biofeedback condition.
Consumer Satisfaction
Following the experiment, all subjects completed an exit survey and
expressed their opinions on the acceptability of treatment goals, procedures,
outcomes, and costs (Schwartz & Baer, 1991). All subjects returned a followup survey completed 2 weeks after the experiment. The exit survey and the
follow-up survey are included in Appendix D. All subjects rated the goal of
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learning to relax as very important. When asked to consider the costs and
benefits of relaxation training, Subjects A and C rated the training as
moderately beneficial, and Subjects Band D rated the training as very
beneficial. All of the subjects stated that they would seek relaxation training
for the treatment of a medical or psychological disorder if prescribed, and all
stated that they would recommend relaxation training to others. On the
follow-up survey conducted 2 weeks after the experiment, all subjects
reported having practiced relaxation training independently.
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CHAPTER V
DISCUSSION
The purpose of this study was to examine within-subject immune
system and endocrine system responses to (a) acute skin-temperature
reductions caused by cold pressor tests, and (b) skin temperature when the
cold pressor test was followed by thermal biofeedback. Specifically, two
questions were addressed: (a) whether the cold pressor test would be
associated with repeated changes in physiological and immune responses,
and (b) whether the application of thermal biofeedback would reduce or
mitigate the effects of the cold pressor test on physiological and immune
responses.

This chapter includes a discussion of the experimental evidence for the
questions and comparisons of the evidence to the literature, followed by
conclusions, potential applications of this research, validity, strengths and
limitations of this research, and suggestions for further research. Few
consistencies were found across all subjects on all dependent variables.
Therefore, the sections will begin with overview statements that are
supported by the majority of data, and then exceptions will be noted.
Experimental Evidence Comparisons to
the Literature. and Conclusions
Skin temperature. In the present experiment, all subjects met the
pretraining criteria and demonstrated small but reliable reductions ranging
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from 1 to 1.4 degrees Fahrenheit in skin temperature during both 1-minute
cold pressor tests. These reductions occurred sequentially subject by subject
with the implementation of the initial cold pressor tests in a multiple
baseline fashion, returned to baseline levels following the initial cold
pressor tests, and were reproduced within subjects during the second cold
pressor tests. Regardless of the order of conditions, all subjects made larger
skin-temperature increases during the thermal biofeedback conditions in
the first 5 minutes following the cold pressor tests, obtained higher skin
temperatures in the thermal biofeedback conditions, and averaged higher
temperatures for the thermal biofeedback conditions than for the return to
baseline conditions.
The ability of the subjects in the present study to meet the training
criteria of 95 degrees Fahrenheit and to produce increases in skin
temperature during the thermal biofeedback conditions is consistent with
previous reports (Blanchard, Morrill, Wittrock, Scharff, & Jaccard, 1989;
Fahrion et a!., 1986). The average reductions in skin temperature of 1 degree
Fahrenheit during the cold pressor tests are similar to those reported by
Blanchard eta!. (1989) and by Wilson, Albright, Steiner, and Andreassi
(1991). The present study expands the literature by reporting concomitant
immune system changes with acute skin temperature reductions, and by
reporting the ability of subjects to effect immune system variables with
concomitant increases in skin temperature.
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Other authors have reported the effects of biofeedback training on
immune variables similar to those included in this study. Peavey et a!.
(1985) trained subjects to increase skin temperature to 95 degrees Fahrenheit
and to reduce frontalis electromyograph readings to 1.2 microvolts. The
authors reported the numbers of training sessions to reach criterion and the
ability of subjects to produce skin-temperature increases in the laboratory
that were similar to those in the present study. Blood samples taken prior to
training were compared with samples taken after the biofeedback training.
However, because the posttest measures were scheduled individually after
each subject demonstrated criterion responding, the amount of time
between the measurements varied across individuals, but was at least 2
weeks. Even though the authors reported that changes in white blood cell
counts were not statistically significant, the magnitudes of the differences
between groups were similar to those reported in this study following the 1rninute cold pressor tests. The present study extended this literature by
demonstrating the ability of the cold pressor test to effect changes similar in
magnitude to the Peavey eta!. (1985) study, and by examining the ability of
subjects to mediate the effects of an acute stimulus on white blood cell
counts during the 20-minute application of thermal biofeedback.
Natural ki11er cell activity. In this study, subjects demonstrated small
changes in natural killer cell activity ranging from 1% to 14% during the 1rninute cold pressor tests. The changes occurred in a dose-dependent
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fashion, but were associated with the administrations of the cold pressor
tests, rather than with the thermal biofeedback or return to baseline
conditions. In the present study, the results demonstrate substantial
changes in natural killer cell activity after the 1-minute cold pressor tests
that are comparable to changes that have been previously reported by other
authors to have occurred after considerably longer periods of time.
For example, Gruber et a!. (1993) assigned patients recovering from
breast cancer to treatment groups and provided training in progressive
muscle relaxation, guided imagery, and in electromyograph biofeedback.
The authors collected repeated measures of natural killer cell activity,
plasma cortisol, white blood cells, and several immunoglobulins over a 15month period. The authors reported changes in natural killer cell activity
similar to the magnitudes of change reported in the present research.
However, Gruber eta!. (1993) reported no changes in cortisol or in the
numbers of white blood cells. In the present study, by excluding Subjects B
and D whose levels of cortisol reduced with time across all experimental
conditions, the thermal biofeedback conditions were associated with lower
levels of plasma cortisol than the return to baseline conditions, regardless of
the order of conditions for Subjects A and C. Also in the present
experiment, dissimilar responses in the numbers of white blood cells were
obtained across subjects, but consistent changes in white blood cells and
other cells occurred within subjects. If averages were calculated across
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subjects in this study, the consistent changes within subjects would be
obscured . Therefore, it is possible that the differences in white blood cell
responses between the present study and the Gruber et al. (1993) study may
be due to their calculations of means across subjects for statistical analyses.
Naliboff et al. (1991) assigned subjects to a mental task requiring them to
repeatedly subtract 7's for a period of 12 minutes. Pre- and posttest blood
samples were collected. During the 12 minutes, changes in natural killer
cell activity increased by 9%. However, a comparison group who were
assigned to watch a video also increased in natural killer cell activity by 4%
after 12 minutes. In addition, the authors reported increases in the numbers
of CD3+ cells by 8 (104 cells / ml), CD4+ cells by 6 (104 cells / ml), COB+ cells by
10 (104 cells / ml), and CD56+ cells by 13 (104 cells/ ml) over the 12-minute
period. The present study also found that an acute stimulus, such as the
cold pressor test, can cause an increase in natural killer cell activity and in
cell numbers, and produce the magnitudes of results after a 1-minute
stimulus that Naliboff et al. (1991) obtained after 12 minutes. In addition,
the present study includes repeated blood samples from the same subjects to
examine within-subject variability. Without repeated measures, it is not
known when the experimental or control subjects increased their natural
killer cell activity. Because natural killer cell activity can change within 1
minute, it is possible that stimuli associated with the measurement strategy
used by Naliboff et al. (1991), such as veinapuncture, caused changes in the
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control group and potentially parallel changes in the treatment group.
Therefore, the cold pressor test appears to be a sufficient stimulus to
produce small but consistent changes in natural killer cell activity. Natural
killer cells are important for surveillance in the immune system, and can
kill tumor cells or other neoplasms without stimulation (Herberman et al.
1982). Therefore, increased natural killer cell activity is a potentially
valuable indicator of immunoenhancement.
Interleukin-1 and cortisol. In the present experiment, the cold pressor
tests were repeatedly associated with increased concentrations of
interleukin-1 , ranging from 2 to 69 pg/ml for all subjects. For Subjects A, B,
and D during the experimental conditions after both cold pressor tests, and
for Subject C during the experimental condition after the second cold
pressor test, concentrations of interleukin-1 returned to the levels of the
conditions prior to the tests. For Subjects A and C, the cold pressor tests
were repeatedly associated with reduced concentrations of plasma cortisol,
ranging from 176 to 35 pg/ml. These changes occurred in a multiple
baseline fashion across the initial cold pressor tests, and were repeated
within subjects during the second cold pressor tests. However, for Subjects
B and D, concentrations of plasma cortisol reduced across all experimental

conditions.
Zakowski eta!. (1992) reported acute changes in immune and endocrine
system responses that are comparable to those reported in this research.
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They examined the effects of viewing films of combat surgery on samples of
plasma interleukin-1 and plasma cortisol obtained through a catheter. In
addition to statistically significant differences in lymphocyte proliferation
between the groups, Zakowski et a!. (1992) reported increased concentrations
of interleukin-1 after 90 minutes by .03 ng / ml (300 pg/ ml) and reported
differences in plasma cortisol between the groups of 21.7 ng / ml after 30
minutes. In this research, the changes in concentrations of interleukin-1
ranged from 2.2 to 69 pg / ml during the 1-m.inute cold pressor tests. In
addition, the average change in plasma cortisol across all subjects and both
cold pressor tests was 66 pg / ml. However, it should be noted that Zakowski
eta!. (1992) used a radioimmunoassay, while an ELISA assay was used in
this study. Without standards for comparison, it is not known if the values
from the different assays are directly comparable. Consistent with the
Zakowski et a!. (1992) study, cortisol levels dropped throughout this study.
It is possible that catheter insertion elevated initial cortisol levels, which

returned to normal levels in both studies. Therefore, the present study
reproduced the results of Zakowski eta!. (1992) by demonstrating changes in
plasma concentrations of interleukin-1 and cortisol to an acute stimulus,
and extended the literature by demonstrating the changes during a 1-m.inute
stimulus.
Cell numbers. In the present experiment, the initial cold pressor tests
were repeatedly associated with increases in all cell numbers in accordance
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with the multiple baseline design. Subjects C and D repeated the increase
following the second cold pressor tests. Subject A reduced the numbers of
cells during the second cold pressor test. Subject B demonstrated decreased
numbers of CD56+ cells and CD4+ cells, and increased numbers of white
blood cells, CD3+ cells, and CDS+ cells during the second cold pressor test.
For all subjects, thermal biofeedback conditions were associated with larger
numbers of CD56+ cells than the return to baseline conditions.
Manuck eta!. (1991) collected blood samples through a catheter before
and after a 20-minute color-word and mental arithmetic test. The authors
reported that the change in the average number of CDS+ cells of 139 (103
cells/ml) during the experiment was statistically significant. Additional
changes were reported following the 20-minute test, including a change in
the average number of CDS+ cells by 1 (103 cells/ml), and decreased average
number of CD4+ cells by 25 and 37 (103 cells/ml). By converting the results
of the present study to 103 cells/ml, changes in CDS+ cells ranging from 60 to
320 (103 cells/ml) and in CD4+ cells ranging from 20 to 500 (103 cells/ml)
were observed for all subjects during the 1-minute cold pressor tests.
Therefore, changes in the numbers of CD4+ and CDS+ cells during the 1minute cold pressor tests were obtained that are as large or larger than the
results reported following the 20-minute mental tests used by Manuck et a!.
(1991).
In addition to reporting the numbers of cells, Manuck et a!. (1991)
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stratified the subjects into groups of high and low cardiovascular and
catecholamine reactors, and reported that the immune changes were
predicted by high reactivity. In the present experiment, Subject B (Table 3)
demonstrated smaller ranges in pulse rate and electrodermal responses
when compared to the other subjects, and also demonstrated a smaller range
in the numbers of CD4+ and CD8+ cells than Subjects C and D. However,
Subject B demonstrated larger ranges in the number of CD56+ cells, natural
killer cell percentages, and interleukin-1 concentrations than Subjects C and
D. Subject B obtained ranges of white blood cell numbers that were
comparable to the other subjects. Even though Subject B displayed a smaller
range of electrodermal and pulse rate responses than Subject A, there is no
consistent pattern of differences in the ranges of immune responses between
the subjects. Therefore, the present study provides limited support for the
predictive utility of cardiovascular responsiveness on the numbers of CD4+
and CD8+ cells, and includes evidence that the predictive utility does not
extend to natural killer cell activity, interleukin-1, and the number of
circulating white blood cells.
Pederson (1991) reported increased numbers of circulating cells
following 25 minutes of aerobic exercise, 25 minutes of aerobic interval
training, or a 15-second anaerobic sprint. Due to the amount of time used to
obtain blood samples, the interval of measurement for the 15-second sprint
was 3 minutes. The author reported percentage gains for the 15-second
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sprint group that included a 22% increase in white blood cells, a 29.7%
increase in T cells, and an 80% increase in the number of natural killer cells
(CD56+ cells). The cell numbers were not reported, so direct comparisons of
the numbers of cells with the present study are not possible. In addition,
Pederson (1991) reported dramatic increases in cell numbers for all groups.
The present research found increases in all cell numbers similar to those
reported by Pederson (1991). The present study expands on the existing
literature by reporting concomitant changes in additional immune variables
and by reducing the interval of measurement to 1 minute.
The effects of increased numbers of immune cells in circulation in the
blood stream are not known. Potentially, increased numbers of natural
killer cells might lead to a more rapid identification and killing of antigens
and tumor cells. However, it is also possible that if the cells were
sequestered to perform a function, that returning the cells to circulation
might interrupt an earlier response and reduce the effectiveness of the
immune system.
Electrodermal responses and pulse rate. In the present experiment, all
subjects displayed increased electrodermal responses during both cold
pressor tests, ranging from 1 to 11 micromhos above the value obtained at
the end of the condition prior to the cold pressor tests. With the exception
of electrodermal responses after the initial baseline for Subject D, all
electrodermal responses returned to the levels established in the conditions
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prior to the cold pressor tests. Subjects A, C, and D displayed increased pulse
rates from 11 to 32 beats per minute during both cold pressor tests, and then
returned to previous levels of responding. Subject B maintained a stable
pulse rate across both cold pressor tests.
The increased electrodermal and pulse rates observed in this
experiment during pretraining and the experiment are consistent with
Blanchard et al. (1989) and Wilson et al. (1991). Also, the electrodermal and
pulse rate responses to thermal biofeedback and the cold pressor tests are
similar to those reported by Hatchet al. (1992). The present study extends
the literature by reporting recovery times for electrodermal responses and
pulse rates following the cold pressor tests, and by reporting concomitant
immune system changes.
Dissimilar results across the cold pressor tests. Even though immune
responses to the initial cold pressor tests were consistent within and across
subjects in this study, responses to the second cold pressor test were not.
Subjects displayed habituation to the second cold pressor test on some of the
variables measured. For example, Subjects B, C, and D exhibited smaller
magnitudes of changes in the numbers of CD56+, CD3+, and CDS+ cells and
white blood cells during the second cold pressor tests than during the initial
cold pressor tests, but Subject A displayed increased responding in the same
immune parameters during the second cold pressor test. Other authors
have discussed differential responding to the cold pressor tests by attributing
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differences to cognitive variables such as locus of control and self-efficacy
(Rokke, al-Absi, Lall, & Oswald, 1991) and to pain expectancy (Baker &
Kirsch, 1991). In the present study, self-€fficacy was not assessed during the
periods of time between the cold pressor tests, so evidence of potential
change in self-efficacy after the initial cold pressor test and prior to the
second cold pressor test is not available. However, self-reported expectations
of control obtained prior to training and after the experiment can be
examined to determine whether self-€fficacy may have differentially affected
the subjects responses to the cold pressor tests.
Subjects A and D each endorsed three fewer external items on the
posttest than on the pretest of the Rotter Locus of Control, demonstrating a
potential change in reinforcement expectancy to internal control during the
course of biofeedback training. Subject B endorsed four external items on
both the pre- and posttests, demonstrating a stable expectancy of internal
reinforcement, and Subject C endorsed 13 external items on the pretest and
12 external items on the posttest, demonstrating a stable external
reinforcement expectancy. By examining the individual graphs for Subject
B (Figure 4) with a stable internal reinforcement expectancy, and Subject C
(Figure 5) with a stable external reinforcement expectancy, no differential
pattern of habituation to the second cold pressor test is evident. However,
Subject C displayed increased variability in responding prior to the second
cold pressor test in electrodermal responses and in pulse rate, and may have
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anticipated the second cold pressor test. Even though Subjects A and D
demonstrated similar changes toward internal expectancy of reinforcement
from pretraining to after the experiment, Subject D exhibited habituation,
but Subject A did not. Because all subjects rated both cold pressor tests as
uncomfortable, it is unlikely that differential perceptions of pain could
account for the habituation to the cold pressor tests. However, it is still
possible that subjects in this study gained a sense of control during the
initial cold pressor test, perhaps from experiencing the length and severity
of the test, that modulated their responses to the second cold pressor test.
As reported earlier, Subjects A, B, and Din the present study displayed
an increase in natural killer cell activity during the initial cold pressor test,
and then a decrease in natural killer cell activity during the second cold
pressor test. Other authors have described similar results and suggested
potential physiological mechanisms. For example, the ability of interferon
to produce increased natural killer cell activity is well documented (Ortaldo
& Herberman, 1986). However, with repeated injections of interferon, mice

displayed a decrease in natural killer cell activity (R A. Berger, personal
communication, August 2, 1993). Therefore, it is possible that the initial
cold pressor tests resulted in the release of a substance that enhanced natural
killer cell activity, followed by an additional release of the substance during
the second cold pressor test that reduced natural killer cell activity. Other
substances, including epinephrine, have been discussed as directly
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stimulating natural killer cell activity and as having a dose-dependent
relationship to immunoregulation (Buske-Kirschbaum, Kirschbaum,
Stierle, Lehnert, & Hellhammer, 1992). In addition, Munck and Guyre
(1991) reported both immunosuppression and enhancement of immune cell
numbers as a result of dose-dependent injections of plasma cortisol.
However, in the present study, plasma cortisol did not appear to be directly
related to the changes in natural killer cell activity or to cell numbers. Based
on

the~e

studies, it is possible that some substance such as interferon,

epinephrine, or a combination of these or other substances mediated the
changes observed in this study.
Psychological self-report measures. Scores on the psychological tests are
consistent with Kiecolt-Glaser eta!. (1986), Gruber eta!. (1988), and Gruber et
a!. (1993), who reported no significant changes in the Global Score Index on
versions of the SCL-90-R, small but inconsistent changes on the MMPI-2,
and small changes on the Rotter LCX:: Scale. In the present study, we found
small changes toward more internal control on the Rotter LOC for Subjects
A and D, and stable reinforcement expectancies for Subjects Band C after
relaxation training was provided.
Subject B endorsed items on the SCL-90-R that were consistent with
depression and other psychological difficulties. These scores were not
consistent with his scores on the BDI or the MMPI-2. During an interview,
he reported no symptoms of clinical depression or patterns of symptoms
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consistent with other psychological disorders . In addition, by examining his
answer sheets for the SCL-90-R, a pattern of responses is evident. He rated
two items as experienced "a little bit," the next two items as experienced
"moderately," and then continued the pattern. Therefore, his scores on the
SCL-90-R might not be a valid measure of his levels of functioning.
Authors have reported that depression is related to immune
functioning. For example, Locke et al. (1984) reported that a difference of
9% lysis discriminated between persons with low and high life change stress,
and Nerozzi et al. (1989) reported that a difference of 5% in natural killer cell
activity and a difference of cortisol levels of 16 ng/ml identified groups of
persons with depression. The present study included changes in natural
killer cell activity and cortisol during a !-minute interval that were larger in
magnitude than reported by Nerozzi et al. (1989) and Locke et al. (1984) in
subjects who did not report symptoms of depression on the Beck Depression
Inventory or on the MMPI-2. While Nerozzi et al. (1989) and Locke et al.
(1984) did not state it specifically, it is possible that the authors sought a
stable predictor for the differential diagnosis of depression. However, the
present study demonstrated that concentrations of cortisol and natural killer
cell functions can change substantially within 1-rninute intervals.
Experimental questions and conclusions. This research was designed to
investigate whether the cold pressor test would be associated with repeated
changes in physiological and immune responses, and whether the
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application of thermal biofeedback would reduce or mitigate the effects of
the cold pressor tests on physiological and immune responses. Taken
together, this research supports the following conclusions.
1. Applications of the 1 minute cold pressor tests produced small and

repeatable changes in physiological and immune system responses.
Measurable changes were produced in several immune variables and
plasma cortisol in 1-minute.
2. There is evidence that subjects can mediate the effects of the cold
pressor tests on immune system variables with the application of thermal
biofeedback.
Potential Applications of Research
Applications to further research. This study has several implications
for the design of further research in the area of psychoneuroimmunology.
Because of the immediacy of responses in the immune system, researchers
should be aware that environmental changes prior to the collections of
samples might affect experimental results. Several authors, such as KiecoltGlaser, Speicher, et al. (1984) and Gruber et al. (1993) reported changes in
immune variables over weeks or months that were similar to the
magnitudes of changes reported in this study. Therefore, it is possible that
some of the changes they observed were due to environmental stimuli that
were experienced within minutes prior to the sampling procedures.
Researchers should investigate whether the methods for obtaining blood
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samples affect their results. Potentially, even brief stimuli such as
veinapuncture might substantially affect results.
The present study demonstrated the importance of examining within
subject variability and of collecting repeated samples from subjects as
recommended by Herberman eta!. (1982) and Knapp (1991). Despite
variability among subjects, subjects in this study displayed consistent
responding within subjects on several parameters. However, if these data
had been averaged across the subjects, the differences would have been
obscured. For example, by averaging the scores for all subjects for natural
killer cell activity at the 12 to 1 effector-to-target ratio, a zero would be
obtained in the present study. In addition, if pre- and posttest only measures
had been analyzed, the increased and then decreased patterns of responses
would have been concealed. Therefore, this research underscores the
importance of repeated measures and examinations of within-subject
variability.
The demonstrations of reduced latency in this research for immune
responses and plasma cortisol may inform researchers who are pursuing
demonstrations of learning in the immune system. Several researchers
have demonstrated that the time between the response and the application
of contingencies affects the efficiency of learning (Nevin, 1984). Therefore,
reductions in the latency of responding may enhance future demonstrations
of psychological principles with the immune system.
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Applications in applied and clinical areas. The acute responses of
immune system variables and plasma cortisol might also interest clinicians
who prescribe drug therapy and other interventions for persons with
immune-related disorders. Because of the potential for rapid change in the
immune system, tests that purport to measure blood levels of immune
substances could potentially be affected by acute responses to the tests. In
addition, the results of the tests might be affected by acute responses to the
testing environment. Further research is necessary to investigate the acute
effects of routine clinical procedures on immune system responses.
In addition to immediate immune and cortisol changes, this study
repeatedly demonstrated the ability of a stimulus to affect both increased and
decreased natural killer cell activity and other immune changes. This effect
is similar to the effect described by Weiss, Sundar, Becker, and Cierpial
(1989), who used the effect to explain the bidirectional results of therapy
using injections of interleukin-1. This demonstration of complex, rather
than direct, effects of immune responses measured over time may be used
to inform persons who design or deliver immune-related therapies and
researchers in immune-related areas of potential paradoxical effects. For
example, continued applications of a stimulus or drug might produce
paradoxical effects. In addition, it is possible that further research may
identify markers of immune system or endocrine system functions that are
responsive to acute changes, and that this information may be used to
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enhance drug effects, or to reduce the dosage of a toxic medication.
Finally, the importance of any result is related to the potential benefit
from the result and the cost required to produce the result. Several authors
have described relationships between behavioral treatments such as
relaxation training, and health variables such as infections (Cohen, Tyrrell,
& Smith, 1991), cancer recovery (Gruber eta!., 1993), and the progression of

cancer (Levy & Wise, 1987). Even though thermal biofeedback was
associated with increased numbers of CD56+ cells, white blood cells, CD4+
cells, and CD8+ cells, for 3 of the 4 subjects, the increases were small, and it is
unknown if increased numbers of cells are therapeutic. For example, to gain
higher numbers of cells in circulation, CD56+ cells may be removed from an
identified tumor cell. Because natural killer cells are important for killing
tumor cells and for immune surveillance against tumor metastasisis
(Herberman et a!., 1982), the implications for increased natural killer cell
activity are potentially more direct. However, it is unknown if natural killer
cell activity or the other variables measured in vitro resemble the processes
in vivo. The costs to produce the acute immune system and plasma cortisol
changes were minimal, and the materials and time necessary to learn to
produce changes in skin temperature are lower than other biofeedback
modalities and many drug therapies.
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Internal Validity
Demonstrations of experimental control. Internal validity has been
defined as the extent to which the experimental intervention accounts for
the reported changes (Kazdin, 1982). In this experiment, a multiple baseline
design and a reversal design were used in combination to reduce the threats
to internal validity. As stated earlier, the multiple baseline design controls
for threats to internal validity if the dependent variable changes only with
the implementation of the independent variable across subjects. In this
study, dependent variables changed repeatedly only with the
implementation of the cold pressor tests in a multiple baseline fashion
across subjects. The reversal design controls for threats to internal validity if
the changes that occurred with the implementation of the independent
variable diminish with the withdrawal of the independent variable, and
then improve when the treatment is reinstated. In this study, the cold
pressor tests were associated with changes in dependent variables, followed
by returns to the levels or trends of responding established prior to the cold
pressor tests, and again associated with changes in dependent variables
during the second cold pressor tests. These patterns of responses,
reproduced across subjects and dependent variables, attest to the internal
validity of this study.
Inconsistent treatment effects. Despite the experimental controls, some
threats to internal validity are plausible in this study. For example, even
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though several dependent variables demonstrated reliable changes with the
implementation of the independent variable, inconsistent treatment effects
were obtained across some dependent variables. According to Kazdin (1982),
if experimental control is demonstrated with two or three dependent
variables, the generality of the treatment is in question, rather than the
internal validity of the experiment. Another potential threat to the internal
validity of this study is the relatively small magnitude of effects when
compared to the variability in measurement. Kazdin (1982) described the
potential importance of examining small changes, and discussed the ability
to demonstrate internal validity with repeated small changes. Therefore,
the timing and reliability of changes during the cold pressor tests
implemented in a multiple baseline design, followed by return to baseline
levels, and repeated with the second cold pressor tests, provide evidence of
internal validity in this study.
Maturation. Maturation from changes within the subjects due to the
time of day and the cyclic nature of the immune system is a potential threat.
For example, concentrations of plasma cortisol decreased with time across
the conditions for Subjects B and D. However, Subjects A and C displayed
decreased levels of cortisol with the implementation of the initial cold
pressor tests, regained baseline levels following the test, and repeated the
reductions during the second cold pressor tests. In addition, both Subjects A
and C demonstrated decreased average levels of plasma cortisol during the
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thermal biofeedback condition as compared to the return to baseline
condition, regardless of the order of conditions. Despite decreasing levels of
cortisol during the study for Subjects B and D, small changes in plasma
concentrations of cortisol were associated with the cold pressor tests for each
of the subjects. According to Sidman (1960), data can still function as a
baseline even though they are in a state of continuous change, if the changes
with the implementation or withdrawal of the independent variable are
orderly and repeated.
lli.ting. Another potential threat, testing, is the result of changes that

can be attributed to repeated assessment. Because Hatchet al. (1992) reported
overall lower levels of electrodermal responses for their subjects, it is
possible that the experimental conditions and repeated blood draws resulted
in residual levels of arousal as measured in electrodermal responses.
However, by examining electrodermal responses from Subjects A, C, and D,
the increased levels of responding continued throughout the experiment,
and are not a likely explanation for the differential values of other
dependent variables associated with the implementation of the cold pressor
tests.
Evidence is available that subjects anticipated the second cold pressor
test. By examining the graph for Subject C (Figure 5), increases are apparent
in electrodermal responses beginning 7 minutes prior to the second cold
pressor test, and in pulse rate beginning 2 minutes prior to the second cold
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pressor test. The effects of anticipation of the cold pressor test on the other
dependent variables are not known. However, slight decreases in the
numbers of white blood cells, CD3+ cells, and CD4+ cells can be observed on
the graph for Subject C.
External Yalidjty
External validity refers to the extent to which the results can be applied
to other persons, materials, or settings beyond the conditions of the
experiment (Borg & Gall, 1983). In single subject research, each subject is a
replication (Kazdin, 1982). In this study, generalizations about the directions
of changes are limited by the inconsistent treatment effects across subjects.
However, conclusions regarding consistent changes within subjects with the
application of the cold pressor tests represent all subjects.
Another potential threat to external validity is the limited number of
subjects used in this study. Initially, 6 subjects were scheduled for the
experiment. However, 2 of the subjects experienced difficulties with the
catheter procedures. It is possible that those subjects, had they continued in
the study, would have responded differently to the experiment. It is also
possible that they would have demonstrated the same patterns of
responding as the subjects who had no difficulties with the catheter
procedure. Beyond the attrition of those subjects, and the inconsistent
treatment effects, including 4 subjects in a single subject design is not
generally considered a limitation in single-subject research (Kazdin, 1982).
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In within-subject designs, external validity is a function of the ability to
reproduce results within the experiment. Generalization to other subjects,
settings, or materials requires empirical evidence.
Strengths and Limitations
This research included controls for many of the potential confounds
listed in the review section of this paper, including lack of randomization;
interpretation of only statistically significant results; failure to report means,
standard deviations, and effect sizes; and the lack of quantification of
independent variables. In addition, this study controlled for diet and
exercise as recommended by Kiecolt-Glaser and Glaser (1988) and controlled
for diurnal variations as discussed by Knapp (1991). Evidence was provided
that psychological syndromes, such as clinical depression, did not obscure
these results. The process and results of training, and the effects of the cold
pressor tests and thermal biofeedback conditions were supported with
treatment verification data. In addition, this research includes evidence that
the subjects valued the goals and process of thermal biofeedback training,
and that the subjects continued to practice the procedures after the
conclusion of the experiment. However, in addition to the limitations
discussed above, several limitations to the method and interpretation of this
experiment remain.
These data were obtained from relatively healthy adult males from 21
to 25 years of age. In addition, subjects were selected based on their ability to
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meet pretraining objectives. It is unknown if similar results would be
obtained from persons with other characteristics. For example, it is
unknown if similar results would be obtained in a clinical population of
persons with immune-related disorders. In addition, these assays were
conducted in a laboratory, and generalizations to the functioning immune
system in the body are not well documented.
The differences between thermal biofeedback and return to baseline
conditions may have been attenuated by using the experimental setting for
pretraining. Because all subjects were trained in the experimental setting for
nine sessions to reduce arousal, it is possible that the experimental setting
cued aspects of the relaxation response prior to the biofeedback conditions,
and thus reduced the differences between the thermal biofeedback and
return to baseline conditions. Levels of arousal measured by
electroencephalograph readings have been associated with immune
functions (Knapp, 1991; Moldofsky et al., 1986). In this study, the average
temperatures for the initial baseline conditions and the return to baseline
conditions for Subjects A and C were 1.2 degrees above their respective
baseline temperatures at the end of pretraining, and were 3 degrees
Fahrenheit above the mean baseline temperatures reported by Wilson et al.
(1991).

Subject B's average temperatures during the baseline conditions

were 1.5 degrees above his baseline temperature at the end of pretraining
and 1.5 degrees above baseline temperatures reported by Wilson et al. (1991).
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Subject 0 obtained baseline temperatures that were consistent with his
previous baseline temperatures in pretraining. In addition, the average
differences between baseline conditions and thermal biofeedback conditions
in electrodermal responses and pulse rate responses were 1.25 micromhos
and 2.3 pulses per minute, respectively, for all subjects. Subject 0 exhibited
increased electrodermal responding during the thermal biofeedback
conditions. Therefore, it is possible that the environment cued lower levels
of arousal during the baseline conditions. Other explanations for the lower
levels of arousal are possible, such as the subjects anticipating the end of
their involvement in the experiment. In addition to lower levels of arousal
during the baseline and return to baseline conditions, it is also possible that
the experimental tasks or expectations cued increased arousal for some
subjects during the thermal biofeedback conditions. For example, Subject 0
displayed higher levels of electrodermal responses during the thermal
biofeedback condition than during the return to baseline condition.
Because of the data collection strategy for the follow-up interview, only
a single rating was requested for both cold pressor tests for each subject. In
addition to asking subjects to rate the level of discomfort they experienced to
the cold pressor tests, potentially important information may have been
gained by asking them to rate their discomfort to each of the cold pressor
tests immediately after each test. Also, potentially important information
may have been gained from a structured interview following the
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experiment. The subjects may have been able to describe response sets, selftalk, or concomitant phys iological experiences during the experiment.
Recommendations for Further Research
Further research in the area of psychoneuroimmunology might benefit
from common assay procedures, additional within-subject research, and
additional data analyses. No standard dependent variables or dependent
measures are consistently reported in the literature (Kiecolt-Glaser & Glaser,
1992). Even when similar dependent variables are reported and when
similar analysis procedures are used, direct comparisons are not always
possible. Kletter eta!. (1993) reported similar trends, but not absolute
numbers, of data from different assay procedures. One potential method to
improve the comparability of scores across different scales of measurement
is to report effect sizes. In addition, researchers should report means and
standard deviations for all results, including results that are not statistically
significant. As mentioned above, the present research reported consistent
within-subject patterns of responses that would have been obscured with
traditional statistical analyses.
Additional gains might be made in the area of immunology with
further within-subject experimental procedures as described by Sidman
(1960), including collecting repeated immunological samples from the same
subjects to control for rhythmic variations. Rhythmic changes are a
potential confound for group designs that obtain single-point or pre- and
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posttest blood samples. Because sleep and other factors such as depression
may disrupt the natural cycle of immune variability (Hickie & Hickie, 1991;
Moldofsky et a!., 1986), repeated samples are necessary to determine if
samples were collected during comparable moments in the cycle. For
example, several authors have discussed pre- and posttest data from medical
students (Kiecolt-Glaser & Glaser, 1988). It is possible that even if blood
samples are obtained at the same time of day, the cycle of immune
fluctuations may have shifted due to changes in the sleep-wake cycle of the
subjects as they study for final exams or for other reasons. It is possible that
the overall patterns and corresponding immune values may remain intact,
even though the clock time of those values may shift. Research including
repeated measures is necessary to clarify the relationships between
depression and other illnesses and the patterns of immune system
responses.
Further research is necessary to determine the latency of several
immune responses. As discussed above, demonstrations of the latency of
responding of immune system variables may affect demonstrations of
learning in the immune system and clinical issues such as the timing of
immune-related treatments. Even though we exhibited repeated changes in
several immune variables in 1 minute, it is possible that measurable
changes occur in less time. Researchers should continue to reduce the
interval of measurement and to investigate the effects of various stimuli of
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different magnitudes. However, even with a catheter, the time required to
withdraw a blood sample and to flush the line is approximately 20 seconds.
Further research is necessary to determine the effect of catheter
insertion or veinapuncture on immune system parameters. Girgis, Shea,
and Husband (1988) reported that veinapuncture was associated with
increased self-reported anxiety. In addition, increased salivary cortisol has
been reported 15 minutes after inoculation in children (Lewis & Thomas,
1990). Prior researchers reasoned that the immune system was unlikely to
respond to veinapuncture with measurable differences in the amount of
time necessary to obtain a blood sample. However, this study demonstrated
marked changes in immune parameters in 1 minute. Therefore, it is
possible that veinapuncture itself may affect the values in the blood samples
that are collected with that method. In this study, subjects did not return to
what are generally considered to be baseline levels of plasma cortisol until
about 1 hour after the insertion of the catheter. Therefore, future
researchers should investigate the amount of time necessary for cortisol and
potentially other endocrine system responses to stabilize after the insertion
of a catheter, and determine whether subjects eventually habituate to the
insertion of the catheter and to repeated veinapuncture.
An applied study to address this question might include subjects who

are hospitalized and who are fitted with catheters. Blood samples could be
collected through the catheter, followed immediately by a blood sample
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collected in a standard format through a needle, and then repeated samples
drawn through the catheter over time. The samples could be examined to
determine the effects of veinapuncture on sample values over time.
Because immune functions are likely to be complex and interactive
(Nacy et a!., 1990), research, including a broad range of immune system
variables and endocrine system variables, is necessary to determine the
interactions between these systems. Conclusions regarding the ability of a
drug or other stimulus to produce immunosuppression or
immunoenhancement based on a few immune system variables might be
misleading when compared to the sequence of immune system responses
required for subjects to maintain homeostasis. Therefore, additional
research utilizing a broad range of immune system variables and repeated
measures over time would contribute meaningful information to the area
of psychoneuroimmunology.
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GLOSSARY OF TERMS
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antibody

a protein molecule produced by activated B cells that
binds to specific antigens

antigen

any substance that reacts with antibodies or T cells and
produces an immune response

autoimmune

loss of or failure to develop self-tolerance, so immune
processes are directed against self

B cells

mature in the bone marrow and migrate to the spleen,
lymph nodes, and tonsils
produce circulating antibodies
characteristic surface structure
synthesis of immunoglobulin

cell-mediated

T cells bind to antigen, carry out functions such as
cytotoxicity, and modulate B cells

cortisol

a glucocorticoid (product of the adrenal cortex)
released by a chain beginning with corticotropinreleasing-factor, and adrenocorticotropic hormone
affects glucose metabolism, antiinflammatory
implicated as a causal factor in immunosuppression
measured using radio-actively labelled materials

endocrine system glands that release hormones into circulation to alter
body organs and tissues
epinephrine

also known as adrenaline, a hormone and
neurotransmitter
released from adrenal medulla
enhances sympathetic nervous responses

Epstein-Barr (EBV) a herpesvirus that may be responsible for infectious
mononucleosis
has ability to transform human B cells
remains latent until transformed, pathways not known
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tests measure the ability of the immune system to
mobilize a response in vitro
humoral immunity B cells produce antigens and memory cells
immunity

protection from disease that requires prior exposure to
antigen

immunoglobulin soluble circulating proteins produced by B cells that are
antibodies, including several subclasses
Immunoglobulin A (IgA) produced in excretions such as colostrum,
tears, respiratory and intestinal mucus, sweat, and saliva
as an effective antiviral agent
Immunoglobulin A (SigA) present in saliva
Immunoglobulin E (IgE) responds to infections that involve parasites,
asthma, and is histamine releasing, binds to sites on
mast cells
Immunoglobulin G (IgG) 80% of Ig, and can cross placenta, targets
antitoxins, bacteria, and viruses
Immunoglobulin M (IgM) produced in primary immunological
defense to antigens
in vivo

inside the living body

in vitro

outside the body (in the dish)

lymph nodes

spleen, tonsils, appendix and system of nodes in body to
filter circulating blood

lymphocytes

mature, differentiate, and proliferate in lymph nodes
include T and B lymphocytes
normally 20% to 50% of white blood cells

lymphokines

soluble products ofT cells, including;

Interferon

increases resistance of cells to viral infections and
mediates some T cell functions

Interleukin 1

growth and differentiation factor that causes T cells to
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become receptive to Il-2, causes fever and liver to release
proteins, reportedly affects the release of corticotrophinreleasing-factor from the hypothalamus, analyzed with
an enzyme-linked immuno-sorbent assay (ELISA), or
with cells processed from a thymus
Interleukin 2

released by T cells and helper T cells and causes B cells to
proliferate, causes the proliferation ofT cells and triggers
other T cells, analyzed with an enzyme-linked immuno-

sorbent assay

(ELISA), or with cells processed from a thymus

lysis

disintegration or dissolution

macrophage

process antigens and present to T cells
when activated by T cells, can kill and ingest bacteria

NBT

Nitroblue Tetrazolium Test measures the level of
neutrophil activation capacity related to phagocytic
capacity

NK cells

natural killer cells are lymphocytes that kill virallyinfected cells without stimulation
important for killing tumor cells and for immune
surveillance against tumor metastasis
mobilization analyses are achieved with flow cytometry

norepinephrine

also known as noradrenaline
released from adrenal medulla
enhances sympathetic nervous responses

phagocytosis

ingestion and destruction of individual cells

primary response cellular and humoral immune response to an initial
exposure to an antigen
first response to antibody, from 1 to 2 weeks
T cells

lymphocytes that mature in the thymus and regulate
humoral immunity by influencing B cells
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T helpers

(CD4+) releases growth and differentiation factors to
effect B cells

T suppressor

(CD8+) inhibit B cell maturation and specifically or

T4/8 ratios

responsible for modulation of proliferation of T cell

TSH

thyrotrophin, a thyroid stimulating hormone

nonspecifically inhibits immune responses
responses

potential mechanism of communication between the
immune and endocrine systems
leukocytes may synthesize and secrete TSH
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APPENDIX B
HEALTH HISTORY QUESTIONNAIRE, INFORMED CONSENT
DOCUMENT, AND PHYSICIAN LETTER
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Name:

HEALTH HISTORY QUESTIONNAIRE
Date· __________ _

Address:
Phone:

Major: -----------------Date of Birth:

Age: ----------------------Marital Status:
Expected Date of Graduation: _ _

Who is your physician --------------- City _________ __
Date of last physical examination - - - - - - - - - - - - - - - - - - Are you currently, or within the past 3 months, have you taken any
medications or used any prescription or nonprescription drugs? If so, please
list the medication or drug, your pattern of use, and the last date of use.
Are you currently, or within the past 3 months, have you used alcohol? If
so, please list the product, your pattern of use, and the last date of use.
Are you currently, or within the past 3 months, have you used tobacco? If
so, please list the product, your pattern of use, and the last date of use.
Are you currently, or within the past 3 months, have you consumed
caffeine products? If so, please list the product, your pattern of use, and the
last date of use.
Have you had any past health problems or do you have any current health
problems or concerns in the following areas?
frequent infections
allergies (medicines, animals or insects, substances, or foods)
heart problems
lung problems (asthma, cystic fibrosis, etc.)
intestinal problems
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stomach problems
bone problems
skin problems
vision or hearing problems
neurological problems
headache
diabetes
arthritis
Do you have any other health problems or concerns?
Please list any family members with the following conditions.
Condition
diabetes
cancer
headache
hypo or
hyperglycemia
hypo or
hypertension
allergies
thyroid
problems
lupus
arthritis
multiple sclerosis
other

Relationship to You
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Consent to Participate in a Research Project
~·

The purpose of the research project is to investigate the effects of
rapid reductions in hand temperature, and the effects of relaxation
following reductions in hand temperature, on immune system and
endocrine system responses.
Research Procedures. You will be expected to be involved in the project for
from 2 to 10 weeks. During that time, will be asked to participate in the
following ways.
1. You will be asked to consult your personal physician to obtain a
medical clearance for inclusion in the study. Student subjects may
consult a physician at Student Health Services at USU.
2. The following activities will be conducted at the Center for Persons
with Disabilities on the Utah State University campus.
A. You will be asked to attend up to ten individual 20-minute
training sessions on relaxation. You will receive instruction
on breathing, passive thoughts, and imagery. You will be
taught to increase your skin temperature, as measured on the
surface of your finger, to 95 degrees Fahrenheit. To accomplish
this, you will be asked to place a tape a skin sensor on your
hand, and an instrument will be used to measure your skin
temperature. You will be provided continuous visual and
auditory information about your performance.
B. During the experimental session, a registered nurse will
insert a catheter into your forearm for a period of about 180
minutes. During this time, the nurse will repeatedly collect
small samples of blood. The total volume of the blood
collected will be no more than 180 mi. This amount is about
half of the blood volume collected if you were to donate blood,
and is not generally considered to have adverse health effects.
1). You will be asked to place your hand in cold water up
to your wrist and to hold your hand in the water for two
!-minute periods.
2). You will be asked to increase your skin temperature
as you have done in training.
3. You will be asked to practice relaxation at home for 20 minutes
each day for from 2 to 10 weeks, and to complete a record keeping
sheet to describe your practice and progress.
4. You will be asked to provide information about your current and
prior health.
Potential Benefits. You may learn relaxation skills that for some persons
result in lower levels of arousal and increased feelings of self-control. The
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information generated as a result of the investigation may also be used to
inform researchers, health psychologists and clinicians in the areas of
relaxation and immune-related health about acute immune and endocrine
system changes from exposure to skin-temperature reductions and
relaxation.
Risks and Inconveniences. Even though the personal risks involved in this
study are minimal, there are some risks and inconveniences.
1. Even though relaxation training is generally associated with lower
levels of arousal and other beneficial effects, some risks may be
involved. Relaxation training has been associated with changes in
metabolic rates and cardiovascular functions in some persons. The
rate of occurrence of these problems has not been documented. Your
risks will be reduced by prior medical screening from your physician
2. Risks of infection and reaction to saline solution are incurred from
the Heparin-lock catheter procedure. However, according to the
Infection Control Officer at Logan Regional Hospital, the Heparinlock and saline solution procedure was associated with no reported
incidents of infection or reaction in 6455 cases.
3. Your participation in this research project will require the amount
of time previously specified.
Protection of Participants. U you agree to participate, you will be assigned a
number so that practice sheets and protocols will not include your name or
other personally identifiable information. Personally identifiable
information will be destroyed at the conclusion of the study. Because
relaxation training is associated with physical changes and is not
recommended for some people, you will be required to obtain a written
medical clearance prior to your participation in the research. The collection
of blood and the installation of the Heparin-lock will be performed by a
registered nurse. You will be monitored by a registered nurse for reactions
to the saline solution.
In the event that a medical emergency arises, an ambulance be called
and you will be transported to the emergency room at Logan Regional
Hospital at the expense of the investigator.
Statement of Consent and Agreement. The purpose and procedures of this
research have been explained to me so that I understand them. I
understand that my participation in this study is voluntary and that I may
decline to enter the study or may withdraw from the study at any time
without negative consequences imposed by the research personnel. If I have
further questions concerning the research or procedures, I may contact Ken
Bell at 753-1647, or Sebastian Striefel, Ph.D., at 750-1981 for information. I
authorize the investigator to keep, publish, use, or dispose of the
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information and results of this research. I understand that I may request a
copy of the results.
THE STUDY HAS BEEN FULLY EXPLAINED TO ME AND I HAVE READ
AND UNDERSTAND THE AGREEMENT. I VOLUNTARILY CONSENT
AND AGREE TO PARTICIPATE IN THIS STUDY.

Participant's Signature:

Date:

Witness :

Date:
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To:
Dr.
Date
Address,Town, State, Zip
, has agreed to participate in
Your patient,
a research study at Utah State University that involves relaxation training
and other procedures. Relaxation training will include breathing exercises,
passive cognition, and imagery designed to increase peripheral skin
temperature, as measured on the palmar surface of a finger, to 95 degrees F.
Participants will be asked to practice relaxation at home for 20 minutes each
day. As part of the experiment, participants will be asked to place a hand in
cold water not less than 35 degrees F for not more than 3 minutes. Blood
samples will be collected by a registered nurse at the end of 5-minute
intervals using a Heparin-lock procedure and a .9% saline solution. Not
more than 25 samples, each from 5 to 10 ml, will be collected. Please contact
me at 750-1452 if you would like a more thorough description of the
procedures.
Even though relaxation training is generally associated with lower
levels of arousal and other beneficial effects, some risks may be involved. In
particular, relaxation training may not be recommended for some for
persons with cardiovascular disease, hypo-or hypertension, diabetes or
hypoglycemia, or ulcers. Other contraindications include a history of
blackouts or thyroid disorders. However, the actual risks to your patient and
the decision to participate in this experiment ultimately rests with you and
your patient.
Please evaluate your patient for these and other contraindications.
Sincerely,
Kenneth E. Bell M.S.
Student-researcher
Department of Psychology
UMC 2810
Utah State University
Logan, UT. 84322-2810

Sebastian Striefel Ph.D.
Principal Investigator
CPO

UMC6800
Utah State University
Logan, UT.84322-6800

I do not detect any medical condition that precludes the application of
relaxation training, acute rapid reductions in peripheral skin temperature
with this patient.
Physician's Signature

Date

This patient should not participate in this research because of increased risks
for medical complications from these procedures.
Physician's Signature

Date
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APPENDIXC
AN OUTLINE OF
SKIN-TEMPERATURE PRETRAINING SESSIONS
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Skin-Temperature Pretrajning Program
Skin-temperature pretraining will include both laboratory training
and horne practice of breathing, imagery, and skin-temperature biofeedback,
and will follow the procedures specified by Schneider and Wilson (1985),
Schwartz (1987), and Smith (1989). Each subject will attend individual 20rninute training sessions in the laboratory. The laboratory will be a soundattenuated room in the Center for Persons with Disabilities at Utah State
University.
Subjects will be provided small alcohol-in-glass thermometers to
assist horne practice and be encouraged to practice for 20 minutes each day.
In addition, subjects will be provided signal tapes with beeps at 1-rninute
intervals to cue data collection. Subjects will document practice sessions on
the form included in this Appendix.
The experimenter will provide praise for improvements in
performance and for improvements in the accuracy or completeness of
record keeping. Sessions will include information, review of homework,
practice, and homework assignments. The following is an outline of topics
and procedures for the pretraining sessions.
SESSION 1: Introduction to training goals, and breathing.
Information
A. Potential mechanisms and benefits of lowered arousal.
1. sympathetic and parasympathetic systems

2. interactions if CNS, immune, and endocrine systems
3. cognitive, physiological, and behavioral stimuli
4. arousal and performance
B. Individual training goals.
C. Preparing for training.
1. room temperature

2. support, comfort, safety
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3. body scanning
D. Breathing
1. cleansing breaths
2. diaphragmatic breathing
E. Passive volition and permission to let go.
~

A. 1-minute baseline

B. 3-minute body scanning

C. 5-minutes breathing
1. cleansing breaths
2. diaphragmatic breathing
3. passive volition and permission to let go
4. resolution of session
Homework
A. Scheduling time and place
1. when not likely to be distracted or interrupted

2. quiet location and comfortable chair
3. clothing and lighting
4. no food 1-hour prior
B. Getting started.
1. placement of thermometer

2. signal system and recording procedures
3. procedures for negative events

C. Assignment
1. 3-minute baseline (sitting or reclining quietly with eyes open)
2. 10-minute breathing practice (scanning, cleansing breaths,
diaphragmatic breathing, passive volition and permission to let go)
3. 3-minute baseline (sitting or reclining quietly with eyes open)
4. 4-minutes resolution and recording experiences
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SESSION 2: Imagery and skin-temperature training.
Review homework data
A. Positive experiences and strategies.

B. Abreactions and problem solving.
Information
A. Introduction to imagery
1. permission to find peaceful place

2. passive volition
B. Introduction to Biofeedback Equipment
1. mechanisms and risks

a. thermal but not electrical contact
b. increased heat and decreased resistance
c. delay for feedback
d. "blanketing"
2. permission to place thermistor
3. demonstration
A. 3-minute baseline

B. 10-minute imagery and skin-temperature training with audio and visual
feedback
C. 3-minute baseline and resolution

Homework
A. Assignment to practice previous skills (scanning, cleansing breaths,
diaphragmatic breathing, passive volition and permission to let go) and
include imagery and permission for finger to warm thermometer.
1. 3-minute baseline

2. 10-minute practice
3. 3-minute baseline
4. 4-minute resolution and recording experiences
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SESSIONS 3-6: Review and practice
Review homework data
A. Positive experiences and strategies.

B.

Ab ~re actions

and problem solving.

~

A. 3-minute baseline

B. 10-m inute imagery and skin-temperature training with audio and visual
feedback
C. 3-minute baseline and resolution
Homework
A. Assignment- Continue to practice previous skills (scanning, breathing,

passive volition and permission to let go, imagery, finger warming).
1. 3-minute baseline
2. 10-rninute practice
3. 3-minute baseline
4. 4-rninute resolution and recording experiences
SESSION 7 and SUBSEQUENT SESSIONS: Additional practice for
experiment
Review homework data
A. Positive experiences and strategies.

B. Abreactions and problem solving.
Information
A. Introduction to EDR and heart rate biofeedback equipment.
1. mechanisms and risks

2. permission to place sensors
3. demonstrations
A. 3-minute baseline

B. 10-rninute practice with all sensors but temperature feedback only
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C. 3-minute baseline and resolution

Homework
A. Assignment- Continue to practice previous skills.

1. 3-minute baseline

2. 10-minute practice
3. 3-minute baseline
4. 4-minute resolution and recording experiences

I

SKIN TEMPERATURE HOME PRACTICE

Name

l•m

Dole
Use
Caffeine
Tmc=___ Location _ _ Position _ _ Exercise min _ _ of: Alcohol _ _ Source
Mtds
TEMPERATURETRAUUNO
BASEUNE
BASEUNE
End SUDS Whal wotked7
BeDDS

I I I I I I I I I I I I I I I I I I I I I I I
Use

Dole

D

Problcms7

Caffeine

TllllC..-- Location _ _ Position _ _ Exercise min _ _ o[: Aloohol _ _ Source
BeCJDS

BASEUNE

TEMPERATURE TRAUUNO

BASEUNE

Mtds
End SUDS Whal worked7

I I I I I I I I I I I I I I I I I I I I I I I

D

I I I I I I I I I I I I I I I I I I I I I I I

D

I I I I I I I I I I I I I I I I I I I I I I I
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D

Problcms7
Use
Caffeine
Dole
TII11C.- Location _ _ Position _ _ Exercise min _ _ of: Alcohol _ _ Source
Mtds
TEMPERATURETRAHflNO
BASEUNE
BASEUNE
End SUDS What worked7
BeDDS
Problems7
Dole
Use
Caffeine
Tme.___ L.ocation _ _ Posltion-- Exercise min-- of: Alcohol _ _ Source !
Mtds
BASEUNE
TEMPERATURE TRAINING
BASEUNE
End SUDS Whai worked7
Be DDS
l'loblems7
Use
Caffeine
Dole
Tl:ll'lC.-- Location _ _ Position _ _ Exercise min _ _ of: Ak:ohol _ _ Sowce
Mtds
TEMPERATURETRAUUNO
BASEUNE
BASEUNE
End SUDS Wha! worked7
BeDDS
Problcms7
Use
Caffeine
Dole
Tl:ll'lC.-- Location _ _ Position _ _ Exercise mln _ _ of: Alcohol _ _ Sowce
Mtds
TEMPERATURE TRAINING
BASEllNE
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End SUDS Whal worked7
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Use
Caffeine
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Tane._ Location _ _ Position _ _ Exercise min _ _ of: AJoohoJ _ _ Source
Mtds
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End SUDS Whai wotked7
BeCJDS
l'loblems7
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APPENDIXD

CONSUMER SATISFACTION SURVEY, EXIT SURVEY,
AND FOLLOW-UP SURVEY
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Consumer Satisfaction Survey
Name
1. Why did you personally identify relaxation training as an area for
improvement?

2. How important or unimportant was the goal of learning to relax to you?
(circle one)
Urtimportant

Not Very

Neither important nor urtimportant

Somewhat

Very

3. Did you reach your training goal? Yes No
4. How easy or difficult was skin-temperature training to learn? (circle
one)
Very difficult Difficult

Neither easy nor difficult

Easy

Very easy

5. How well or poorly did you learn each of the following aspects of
relaxation:
Very poorly

Poorly

Moderately

Mod well

Very well

breathing
body

scan
permission to
relax
distractions ____ _
imagery
strategies for
warming
6. What aspects of the training program were the most useful to you?

7. What aspects of the training program were the least useful to you?

8. How would you change the training program?
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9. Please list your personal costs to learn relaxation training , including
time, money, etc.

10. Please list the benefits that you have experienced from relaxation
training.

11. Considering the costs and benefits for relaxation training, how beneficial
or costly was the experience for you? (circle one)
Too costly

Moderately

Neither costly nor beneficial

Moderately

Very beneficia l

12. Given what you now know about the costs and benefits of relaxation
training, would you volunteer for the training again? Yes No Why or
why not?
13. If recommended for the treatment of a medical or psychological
Yes No Why or why
disorder, would you seek relaxation training?
not? ________________________________________________ _
14. Would you recommend relaxation training to others?
or why not?

Yes

No

Why

15. Please list any changes outside of the laboratory sessions that you
attribute to relaxation training?

16. How important or unimportant is the goal of learning to relax outside of
the laboratory setting to you? (circle one)
Unimportant

Not Very

Neither

Somewhat

Very important

17. Has your spouse or other persons around you described changes in you
that you attribute to relaxation training?
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Exit Survey
Name
1. Have you used any prescription or nonprescription medications since
you began relaxation training? Yes No

Please list
2. How much comfort or discomfort did you experience during the
insertion of the catheter?
Very uncomfortable

Uncomfortable Moderate

Comfortable

Very Comfortable

3. How much comfort discomfort did you experience during the cold
pressor test?
Very uncomfortable

Uncomfortable Moderate

Comfortable

Very Comfortable

4. How often did you use visual feedback when it was made available
during the experiment?
Didn't use

Seldom

Sometimes

Often

Always

5. How often did you use auditory feedback during the experiment?
Didn't use

Seldom

Sometimes

Often

Always

6. Did anything happen during the experiment that disturbed you? Yes No
7. What did you have for dinner last night?
8. What did you have for breakfast this morning?
9. Were your thoughts focused on any particular task or concern during the
experiment?
10. Do you have any concerns that you would like to discuss with the
experimenter or his supervisor? Yes No
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Follow Up Survey
Name
1. Have you had any positive or negative effects that you attribute to the
experiment?
Yes No Please describe.

2. Have you experienced any illness, including colds, since the experiment?
Yes No Please describe.

3. Are you still practicing relaxation training?

Yes

No

4. If you are still practicing relaxation training, about how many times have
you practiced during the past two weeks? _ _ _ _ _ _ _ _ _ __
5. Are you experiencing benefits outside of your practice sessions that you
attribute to relaxation training? Yes No Please describe.
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